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Altered Swallowing Physiology and Aspiration in COPD—Teramoto S. Kume H. Ouchi V

Chesl 2002 Sep;122(3): 1104-1 105.

COPD vs. CHF: Use History & Physical Exam Clues to Differentiate & Treat Two Signifi-

cant Medical Emergencies—Upchurch J. J Emerg Med Serv JEMS 2002 Sep;27(9l:82-94.

Quality of Life and Functional Parameters in Patients vv it M Chronic Obstructive Pulmonary

Disease (COPD): An Update—Gigliotti F. Grazzini M. Stendardi L. Romagnoli I. Scano G.

Respir Med 2002 Jun;96(6):373-374.

Muscle Mass, Not Body Weight, Predicts Outcome in Patients with Chronic Obstructive

Pulmonary Disease—Mador MJ. Am J Respir Crit Care Med 2002 Sep 15:166(61:787-789.

Chronic Obstructive Pulmonary Disease—Kerstjens H. Postma D. Clin Evid 2002

Jun;(7): 11344-11357.

Exercise Carbon Dioxide Retention in Chronic Obstructive Pulmonary Disease: A Case for

Ventilation/Perfusion Mismatch Combined with Hyperinflation—Dempsey JA. Am J Respir

Crit Care Med 2002 Sep l;166(5):634-635.

Exacerbations of Chronic Obstructive Pulmonary Disease—Kidney J. McManus T. Coyle

PV. Thorax 2002 Sep;57(9):753-754.

Raising the Profile of Chronic Obstructive Pulmonary Disease with Healthcare Decision-

Makers—Pearson M. Respir Med 2002 Aug;96 Suppl C:S1-S2.

Bacteria and Exacerbations of Chronic Obstructive Pulmonary Disease (editorial)

—

Anthonisen NR. N Engl J Med 2002 Aug 15;347(7):526-527.

Dyspnea Is a Better Predictor of 5-Year Survival than Airway

Obstruction in Patients with COPD—Nishimura K. Izumi T. Tsukino

M.OgaT. Chest 2002 May; 12 1 (5 1:1434-1440

BACKGROUND: FEVi is regarded as the most significant correlate of

survival in COPD and is used as a measure of disease severity in the staging

of COPD. Recently, however, the categorization of patients with COPD on

the basis of the level of dyspnea has similarly been reported to be useful in

the prediction of health-related quality of life and improvement in exercise

performance after pulmonary rehabilitation. Study objectives: We com-

pared the effects of the level of dyspnea and disease severity, as evaluated

by airway obstruction, on the 5-year survival rate of patients with COPD.
DESIGN AND METHODS: A tolal of 227 patients with COPD were

enrolled in a 5-year, prospective, multicenter study in the Kansai area of

Japan, involving 20 divisions of respiratory medicine from various univer-

sity and city hospitals. RESULTS: After 5 years. 183 patients were avail-

able for the follow-up examination (follow-up rate. 81%). The 5-year

cumulative survival rate among patients wilh COPD was 73'/r. The effect

cil disease siagmg. based on the American Thoracic Society (ATS) guide-

line as evaluated by the percentage of predicted FEV|. on the 5-year sur-

vival rate was not significanl ip =0.08). However, the level of dyspnea was

significantly correlated lo the 5-year survival rate (p < 0.001 ). The Cox pro-

portional hazards model revealed that the level of dyspnea had a more sig-

nificanl effect on survival than disease severity, based on FEV|. CONCLU-
SIONS: The categorization ol patients with COPD on the basis of the level

ol dyspnea was more discriminating than staging ol disease seventy using

ilk- VI S guideline with respect to 5-year survival. Dyspnea should be

included as one of the variables, in addition to airway obstruction, for eval-

uating patients with COPD in terms of mortality.

Mortality After Hospitalization for COPD—Almagro P. Calbo E.

Ochoa de Eehaguen A. Barreiro B. Quintana S. Heredia JL. Garau J.

Chest 2002 May;121(5):1441-1448.

OBJECTIVES: To identify variables associated with mortality in patients

admitted to (he hospital for acute exacerbation of COPD. DESIGN:

Prospective cohort study. SETTING: Acute-care hospital in Barcelona

(Spain). PATIENTS: One hundred thirty-live consecutive patients hospi-

talized for acute exacerbation of COPD. between October 1406 and May

1997. MEASUREMENTS AND RESULTS: Clinical, spirometry, and

gasometric variables were evaluated at the time of inclusion in the study.

Socioeconomic characteristics, comorbidity, dyspnea, functional status,

depression, and quality ol life were analyzed. Mortality at ISO days. I

year, and 2 years was I
3.4' .'i .

22' < . and 35.6' i . respectively Sixty -four

patients (47.4%) were dead al the end of the study (median follow-up

duration. 838 day si. Greater mortality was observed in the hivariate anal-

ysis among Ihe oldest patients ip < 0.0001). women (p < 0.01), and

unmarried patients (p < 0.002). Hospital admission during the previous

year (p < 0.001 1. functional dependence (Kai/ index) Ip < 0.0004].

greater comorbidity (Charlson index) |p < 0.0006], depression | Yesavage

Scalei |p < 0.00001 1 1. quality of life (St. George's Respiratory Question-

naire [SGRQJ) Ip < 0.01], and Ptl >, at discharge (p < 0.03) were also

among the significanl predictors of mortality. In the multivariate analy sis.

the activity SGRQ subscale(p< 0.001; odds ratio |OR|. 2.62; confidence

122 Respiratory Care . October 2002 Vol 47 No 10



HOLLISTER WOUND CARE

ETAD...The New Alternative
for Securing Oral Endotracheal Tubes

Movable Shuttle

" Respiratory therapists and nurses

appreciated how quick and easy

it was to reposition the tube."
2

Positive-Locking lube Clamp

" ...a secure means to hold an

endotracheal tube in place."
2

Skin-Friendly Barrier

"
. . .adhered securely to the patient's skin

for the maximum five-day wear time."
2

A Better Answer for Clinicians, Patients and Families
ETAD is a significant advancement over

adhesive tape for securing oral endo-

tracheal tubes, and is preferred by more

than 82% of the care givers who tried it.

1

The innovative design of this device gives

the clinician more control and flexibility

in both surgery and critical care.

ETAD protects the patient from skin

irritation and helps minimize the possibility

of pressure sore formation on the lips.

For the clinician, the patient and the family,

ETAD. ..a better solution. Only from Hollister.

Tape

Securing tubes with

tape can cause skin

stripping and gives

the patient a disturbing

appearance to family

members.

ETAD

ETAD makes frequent

repositioning of the

tube quick and easy

to facilitate oral

care and help

prevent formation

of pressure sores.

Wear Time Analysis

Day I Day 2 Day 3 Day 4 Day 5

ETAD **



Abstracts

interval It'll. 1 .43 to 4.78), comorbidity (p < 0.005; OR. 2.2: CI, 1 .26 to

3.84). depression (p < 0.004; OR. 3.6; CI. 1.5 to 8.65), hospital readmis-

sion ip < 0.03; OR. 1 .85; CI. 1 .26 to 3.84). and marital status (p < 0.0002;

OR. 3.12; CI. 1.73 to 5.63) were independent predictors of mortality,

CONCLUSIONS: Quality Oi lite, marital status, depressive symptoms.

comorbidity, and prior hospital admission provide relevant information

of prognosis in this group of COPD patients.

Pharmacoeconomic Evaluation of Acute Exacerbations of Chronic

Bronchitis and COPD

—

Miravitlles M. Murio C. Guerrero T. Gisbert R.

Chest 2002 May;121(5):1449-1455.

BACKGROUND: Although exacerbations are the main cause of medical

v isits and hospitalizations of patients with chronic bronchitis and COPD.

little information is available on the costs of their management. OBJEC-

TIVE: This study attempted to determine the total direct costs derived

from the management of exacerbations of chronic bronchitis and COPD
in an ambulatory setting. METHOD: A total of 2.414 patients with exac-

erbated chronic bronchitis and COPD were recruited from 268 general

practices located throughout Spain. Patients were followed up for I

month. RESULTS: A total of 507 patients (21%) relapsed; of these, 161

patients (31.7%) required attention in emergency departments and 84

patients ( 16.5%) were admitted to the hospital. The total direct mean cost

of all exacerbations was $159; patients who were hospitalized generated

58% of the total cost. Cost per failure was $477.50. and failures were

responsible for an added mean cost of $100.30/exacerbation. Exacerba-

tions of the 1.1 30 patients w ith COPD had a mean cost of $ 1 4 1 . Sensitiv-

ity analysis showed that a 50% reduction in the failure rate (from 21 to

10.5%) would result in a total cost of exacerbation of $107 (33% reduc-

tion). CONCLUSION: Exacerbations of chronic bronchitis and COPD
are costly, but the greatest part of costs derives from therapeutic failures,

particularly those that end in hospitalization.

COPD in Perspective

I20S.

-Petty TL. Chest 2002 May:121(5 Suppl):! 16S-

In the last 200 years or so, the recognition, diagnosis, and understanding

of the pathogenesis of COPD have evolved considerably. Over the past

few decades, various definitions of COPD and its "components'" also

have developed. Despite this, however, the treatment options for patients

with this relentlessly progressive disorder are relatively limited. In the

mid-l Qth century, the introduction of the spirometer yielded a powerful

tool for the diagnosis of COPD. The currently available small, cheap

spirometers hold great promise to help patients and their physicians

closely monitor lung function. Early recognition of the close associations

among emphysema and. more recently, small airways disease, and

impaired airflow is discussed. This review also stresses the importance of

the identification of COPD in its initial stages and the early onset of

appropriate treatment. The therapy for COPD has changed in the last 40

years. Drug therapies in the 1960s included potassium iodide and

ephedrine. Corticosteroids were not used, and oxygen therapy and exer-

cise were actually contraindicated. Modern therapy for COPD is now

more systematic and includes the use of bronchodilators and corticos-

teroids to improve airflow, in addition to oxygen therapy, pulmonary

rehabilitation and. in selected patients, lung volume reduction surgery.

The causal link between the chronic inhalation of tobacco smoke and

COPD is beyond doubt, and smoking cessation remains the most impor-

tant goal for patients. It is hoped that new. more effective therapies will

soon be available for the treatment of this disabling disorder to provide

improvement in symptoms and patient quality of life and to reduce or

stop the rale of disease progression and mortality in patients with COPD.

COPD: Epidemiology. Prevalence, Morbidity and Mortality, and

Disease Heterogeneity— Mannino DM. Chest 2002 May;121(5

Suppl >: 1 2 1 S I26S

COPD continues to cause a heavy health and economic burden both in the

I Inited States and around the world. Some of the risk factors lor COPD are

well-known and include smoking, occupational exposures, air pollution, air-

way hyperresponsiveness, asthma, and certain genetic variations, although

main questions, such as why <2(>', ol smokers develop significant airway

obstruction, remain. Precise definitions of COPD van and are frequently

dependent on an accurate diagnosis ol the problem by a physician These

differences in the definition ofCOPD can have large effects on the estimates

ol COPD in the population. Furthermore, evidence that COPD represents

several different disease processes with potentially different interventions

continues to emerge. In most of the world. COPD prevalence and mortality

are still increasing and likely will continue to rise in response to increases in

smoking, particularly by women and adolescents. Resources aimed at smok-

ing cessation and prevention. COPD education and early detection, and bet-

tei treatment will he of the most benefit in our continuing efforts against this

important cause of morbidity and mortality.

Systemic Effects in COPD—Wouters EF. Creutzherg EC. Schols AM.

Chest 2002 May ; 1 2 1 (5 Suppl 1: 1 27S- 1 30S.

The pathogenesis and clinical manifestations of COPD are not restricted to

pulmonary inflammation and structural remodeling. Rather, this disorder is

associated with clinically significant sv stemic alterations in biochemistry and

organ function. The systemic aspects of COPD include oxidative stress and

altered circulating levels of inflammatory mediators and acute-phase pro-

teins. Indeed, an impaired endogenous oxidant-antioxidant balance has been

reported in patients experiencing exacerbations of COPD. and others have

observed altered circulating levels of several cytokines and adhesion

molecules in patients with stable disease. As in other chronic inflammatory

conditions, weight loss, muscle wasting, and tissue depletion are commonly

seen in COPD patients. Selective wasting of fat-free mass coupled with

impaired respiratory and peripheral muscle function and a reduced capacity

for exercise occur in COPD patients. Indeed, weight loss may directly impact

poor prognosis in COPD patients. The mechanisms underlying weight loss

and muscle wasting are incompletely understood but likely involve an imbal-

ance in ongoing processes of protein degradation and replacement. This may

include alterations in the relative levels or activities of endocrine hormones

such as insulin, growth hormone, testosterone, and glucocorticoids. Further-

more, chronic systemic inflammation involving cytokines such as inter-

leukin-1 and tumor necrosis factor-alpha may be associated with these hor-

monal changes and muscle w astmg in COPD patients. This rev lew includes a

discussion of the mechanisms of skeletal muscle fiber protein

metabolism/catabolism, the potential roles of endogenous cytokines in pro-

tein loss, and the possibility that novel drugs that inhibit cytokine signaling

may provide benefits by reducing muscle wasting and cachexia, thereby

improv ing the prognosis and quality of life among COPD patients.

Exacerbations: Etiology and Pathophysiologic Mechanisms

—

Wedzicha JA. Chest 2002 May;121(5Suppl):136S-141S.

Some patients with COPD are prone to frequent exacerbations, w Inch are

an important determinant of health status. Such patients have elevated

airway cytokine levels, suggesting the presence of increased inflamma-

tion that may increase their susceptibility to exacerbation. The inflamma-

tory response during a COPD exacerbation is variable, but increases in

interleukin-6 levels during the exacerbation are related to the presence of

a common cold. Rhinov irus infection is the most important etiologic fac-

tor in COPD exacerbations and is .m important target for preventive ther-

apy. The reduction ofCOPD exacerbations will have an important impact

on the considerable morbidity ami mortality associated « ith COPD.

John Hutchinson's Mysterious Machine Revisited—Petty TL Chest

2002 May;I21(5 Suppl):219S-223S.

John Hutchinson, a surgeon, recognized thai the volume ol air that can be

exhaled from full) inflated lungs is a powerful indieatoi ol longevity. He
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Abstracts

invented the spirometer to measure whai he called the vital capacity, ie,

the capacitj to 1 1 \ c Much later, ihe concept ol the timed vital capacity.

which became known as the FEV|. was added. Together, these two num-

bers, vital capacity and FEV|, are useful in identifying patients at risk of

mam diseases, including COPD, lung cancer, heart attack, stroke, and

all cause mortality . This article cites some of the rich history of the devel-

opment of spirometry, and explores some of the harriers to the

widespread application ol simple spirometry in the offices ol primary

care phy sicians.

Respiratory Infections with Pseudomonas Aeruginosa in Children

with Cystic Fibrosis: Early Detection by Serology and Assessment of

Risk Factors—West SF.. Zeng L. Lee BL. Kosorok MR. Laxova A. Rock

MJ. et al. JAMA 2002 Jun 12;287<22):2958-2967.

CONTEXT: Patients with cystic fibrosis (CF) are susceptible to lower

respiratory tract infections with Pseudomonas aeruginosa and typically

acquire this organism in early childhood. Once P aeruginosa infection is

established, eradication may be impossible, and progressive lung disease

often aggravates morbidity and mortality risks. The ability to diagnose

CF by genetic testing at birth makes it possible to determine the temporal

sequence of events that result in P aeruginosa-associated pulmonary

infections. OBJECTIVE: To evaluate the longitudinal relationship

between the production of an antibody response against P aeruginosa and

clinical factors associated with P aeruginosa pulmonary infections in

patients with CF diagnosed in early life. DESIGN. SETTING. AND
PATIENTS: Serum samples and oropharyngeal cultures (protocol cul-

tures) were obtained at 6-month intervals from April 15. 1985. to April

15. 2000 (or for up to 180 months depending on their enrollment date)

from 68 patients at 2 centers in Madison and Milwaukee. Wis. diagnosed

through the Wisconsin CF Neonatal Screening Project, a longitudinal

cohort study. Additional cultures were obtained at examining physicians'

discretion tall cultures). MAIN OUTCOME MEASURES: Time to

serum IgG. IgA. and IgM antibody titer of at least 1 :256 against P aerug-

inosa, assessed by enzyme-linked immunosorbent assay using cell lysate.

exotoxin A, and elastase as antigens: time to organism isolation from res-

piratory samples: time to Wisconsin Cystic Fibrosis Radiograph (WCXR)

score of 5 or more. RESULTS: The median time to an antibody titer of at

least 1:256 was 17.8. 24.2. and 70.9 months for cell lysate. exotoxin A.

and elastase. respectively. The rise of anti-cell lysate and anti-exotoxin A
titers to 1:256 or more occurred a mean of 11.9 (p<0.001) and 5.6 (p

=0.04) months, respectively, before the isolation of P aeruginosa for all

cultures and 18.2 (p<0.001) and 11.9 tp =0.006) months, respectively,

before protocol cultures. There w as no significant difference between the

rise of anti-cell lysate and anti-exotoxin A titer and a WCXR score of 5 or

more (p =0.24 and.32. respectively). Treatment with long-term, non-

Pseudomonas oral antibiotics and integration of CF infants with older,

chronically infected patients were associated with a significantly

increased risk ofP aeruginosa pulmonary infection. CONCLUSIONS: In

CF patients diagnosed through neonatal screening. P aeruginosa pul-

monary infections occurred 6 to 12 months before the organism was iso-

lated from respiratory secretions. The longitudinal monitoring of P

aeruginosa antibody titers, in concert with WCXR score, should facilitate

diagnosis and treatment of P aeruginosa pulmonary infections in young

children with CF.

Using Tobacco-Industry Marketing Research to Design More Effec-

tive Tobacco-Control Campaigns—Ling PM. Giant/ SA. JAMA 2002

Jun l2;287(22):2983-2989.

To improve tobacco-control efforts by applying tobacco-industry market-

ing research and strategies to clinical and public health smoking interven-

tions, we analyzed previously secret tobacco-industry marketing docu-

ments. In contrast to public health, the tobacco industry divides markets

and defines targets according to consumer attitudes, aspirations, activi-

ties, and lifestyles. Tobacco marketing targets smokers of all ages; young

adults are particularly important. During the l9X0s. cost affected increas-

ing numbers ol young and older smokers. During the 19>)(ls. eroding

social acceptability of smoking emerged as a major threat, largely from

increasing awareness of the dangers ol secondhand smoke among non-

smokers and smokers. Physicians and public health professionals should

use tobacco- industry psychographtc approaches to design more relevant

tobacco-control interventions. Efforts to counter tobacco marketing cam-

paigns should include people of all ages, particularly young adults, rather

than concentrating on teens and young children. Many young smokers are

cost sensitive. Tobacco-control messages emphasizing the dangers of

secondhand smoke to smokers and nonsmokers undermine the social

acceptability of smoking.

Efficacy of a Nicotine Lozenge for Smoking Cessation—Shiftman S.

Dresler CM. Hajek P. Gilburt SJ. Targett DA. Strahs KR. Arch Intern

Med 2002 Jun 10; 162(11): 1267-1276.

BACKGROUND: Since nicotine gum was introduced in the 1980s, nico-

tine replacement therapy has become the most widely used pharmacolog-

ical smoking cessation treatment. Some smokers prefer acute oral forms,

but many smokers reject chewing gum. We tested the safety and efficacy

of a new nicotine polacrilex lozenge for smoking cessation. METHODS:
Double-blind, placebo-controlled, randomized clinical trial with parallel

arms testing 2- and 4-mg nicotine lozenges. Smokers (n = 1818i were

assigned to a lozenge dose on the basis of nicotine dependence, assessed

by time to the first cigarette of the day. Low-dependence smokers were

randomized to receive the 2-mg nicotine (n = 459) or placebo (n = 45Si

lozenge: high-dependence smokers, the 4-mg nicotine (n = 450) or

placebo In = 451) lozenge. We assessed abstinence at 6. 12. 24. and 52

weeks and analyzed craving and withdrawal symptoms. RESULTS:

Treatment with the nicotine lozenge resulted in significantly greater 28-

day abstinence at 6 weeks, for the 2-mg (46.0\r vs. 29.7<7r: odds ratio

(OR]. 2.10; 95% confidence interval [CI], 1.59-2.79; p<0.001 1 and the 4-

mg U.S. 7', vs. 20.89! : OR. 3.69; 95<7r CI. 2.74-4.96: p<0.001 ) lozenges,

compared with placebo. Significant treatment effects were maintained for

a full year. Smokers who used more lozenges achieved significantly bet-

ter treatment effects. Use of the active lozenge also resulted in reduced

craving and withdrawal. Most adverse events were moderate and resem-

bled those seen with nicotine gum. CONCLUSION: The nicotine lozenge

is a safe and effective new treatment for smoking cessation in low- and

high-dependence smokers.

Independent Validation of the Sleep Apnoea Quality of Life Index

—

Lacasse Y. Godbout C. Series F. Thorax 2002 Jun;57(6):483-488.

BACKGROUND: Obstructive sleep apnoea (OSA) affects important

domains of quality of life which remain unexplored by conventional sleep

recordings. The objective of this study was to examine the measurement

properties (both discriminative and evaluative) of the Sleep Apnoea

Quality of Life Index (SAQLI). a new OSA specific quality of life ques-

tionnaire. METHODS: Consecutive patients recently diagnosed with

OSA completed a French version of the SAQLI twice over a 3 month

period. Its construct validity and responsiveness were tested by compar-

ing baseline and change scores obtained in each domain (symptoms,

activities, emotions, social interactions! with those of questionnaires

measuring related constructs lSF-36. F.pvvorth Scale. Beck Depression

Inventory, and Symptom Checklist 90). The symptoms scores weie also

correlated with physiological measures obtained al baseline polysomno-

graphy recording. RESULTS: Forty seven patients (40 men) of mean

(SD) age 53 ( 10) years and mean (SD) apnoea/hypopnoea index 38 (21

1

participated in the study During the study period $3 of the 47 patients

were treated lor OSA (31 with nasal CPAP. one with uvulopalatopharyn-

goplasty. and one with an oral appliance 1 Moderate to high correlations

were found between the scores in each domain ot the SAQLI and the cor-
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ABSTRACTS

responding instruments. There were significant differences in change

scores between patients who were treated .md those who were not, mod-

erate correlations between SAQ1 I change scores and changes in the cor-

responding instruments, and no correlation between the sj mptoms scores

and the baseline nocturnal features. Mosl o) these correlations hum the a

priori predictions made regarding then magnitude. CONCLUSION: The

SAQLI has strong construct validity and is responsive to change in qual-

n> ol hie but has the disadvantage ol having to be administered by an

interviewer.

Effect ofCPAPon Intrinsic I'KKP. Inspiratory Kffort, and I. ling Vol-

uini' in Severe Stable C'OPI) -O'Donoghue FJ. Catcheside PG, Jordan

AS. Bersten AD. McEvov RD. Thorax 2002 Jun;57(6):533-539.

ing sleep, increasing the incidence and severitj ol sleep disordered

breathing. These changes include increased ventilator] drive and

metabolic rate, reduced functional residual capacity and residual volume,

increased alveolar-arterial oxygen gradients, and changes in upper airway

patency. The clinical importance of these changes is indicated b) the

increased incidence of snoring during pregnancy, which is likely also to

reflect an increased incidence of obstructive sleep apnoea/hypopnoea

syndrome. For the respiratory physician asked to review a pregnant

patient, the possibility ol sleep disordered breathing should always be

considered. This review first examines the normal physiological changes

of pregnancy and their relationship to sleep disordered breathing, and

then summarises the current knowledge of sleep disordered breathing in

pregnancy.

BACKGROUND: Intrinsic positive end expiratory pressure (PEEPi)

constitutes an inspirator) threshold load on the respiratory muscles,

increasing work ol breathing. The role of continuous positive airway

pressure (CPAP) in alleviating PEEPi in patients with severe stable

chronic obstructive pulmonary disease is uncertain. This study examined

the effect of CPAP on the inspiratory threshold load, muscle effort, and

lung volume in this patient group. METHODS: Nine patients were stud-

ied at baseline and with CPAP increasing in increments of 1 cm HiO to a

maximum of 10 cm HiO. Breathing pattern and minute ventilation (I),

dynamic PEEPi. expiratory muscle activity, diaphragmatic (PTPdi/minl

and oesophageal (PTPoes/min) pressure-time product per minute, inte-

grated diaphragmatic (EMGdi) and intercostal EMG (EMGic) and end

expiratory lung volume (EELV) were measured. RESULTS: Expiratory

muscle activity was present at baseline in one subject. In the remaining

eight. PEEPi was reduced from a mean (SE) of 2.9 (0.6) cm H 2 to 0.9

(0.1 ) cm LLO (p<0.05). In two subjects expiratory muscle activity con-

tributed to PEEPi at higher pressures. There were no changes in respira-

tory pattern but I increased from 9.2 (0.6) L/min to 10.7 (1.1) L/min

(p<0.05). EMGdi remained stable while EMGic increased significantly.

PTPoes/min decreased, although this did not reach statistical signifi-

cance. PTPdi/min decreased significantly from 242.1 (32.1) cm
H :0.s/mm to 1 12.9 (21.7) cm H;0.s/min). EELV increased by 1.1 (0.3)

L (jxO.01). CONCLUSION: High levels of CPAP reduce PEEPi and

indices of muscle effort in patients with severe stable COPD. but only at

the expense of substantial increases in lung volume.

The Pulmonary Physician in Critical Care # 6: The Pathogenesis of

ALI/ARDS—Bellingan GJ. Thorax 2002 Jun;57(6):540-546.

An understanding of the pathogenesis of ARDS is essential for choosing

management strategies and developing new treatments. The key media-

tors involved in the inflammatory and fibroproliferative responses are

reviewed and the mechanisms which regulate these responses are high-

lighted.

Central Sleep Apnoea Syndrome in Patients with Chronic Heart Dis-

ease: A Critical Review ol the Current Literature— Kohnlein T. Welte

T. Tan LB. Elliott MW. Thorax 2002 Jun;57(6):547-554.

The prevalence, prognosis, clinical presentation, pathophysiology, diag-

nosis, and treatment of the central sleep apnoea sy ndronie iCSAS) are

re\ iewed ami its relationship w ith congestive heart failure (CHF) is dis-

cussed. Vdequatel] powered trials are needed with Survival and health

status as end points to establish whether correction of sleep related

breathing abnormalities improves the outcome in patients with CHF.

Sleep Disordered Breathing and Pregnancy Edw.uds N. Middleton

l'( i. Blyton DM, Sullivan CE. Thorax 2002 Jun;57(6):555-558.

Many changes in the respirator] system occur during pregnancy, particu-

lar!] during the thud trimester, which can alter respirator] function dur-

Specific Airway Resistance in 3-Year-Old Children: A Prospective

Cohort Study—Lowe L. Murray CS, Custovic A. Simpson BM. Kissen

PM. Woodcock A: NAC Manchester Asthma and Allergy Study Group.

Lancet 2002 Jun 1:359(93211:1904-1908.

BACKGROLIND: The development of a method to assess lung function

in young children may provide new insight into asthma development.

Plethysmography measurement of specific airway resistance (sR Ju i is

feasible in this age group. We aimed to identify risk factors associated

with low lung function in early childhood in a prospective birth cohort.

METHODS: Children were prenatally assigned to risk group according to

parental atopic status (high risk, both parents atopic: medium risk, one

parent atopic: low risk, neither parent atopic) and followed prospectively

until age 3 years. We measured sR a„ in 503 symptom-free children using

whole-body plethysmography during tidal breathing. FINDINGS: 803 of

868 children attended the clinic, of whom 503 obtained satisfactory

sR(aw) readings. 200 who wheezed at least once during first 3 years of

life had significantly higher sR.,„ than the 303 who had never wheezed

(mean difference 5.8%. 959c CI 2.2-9.3. p=0.002). For children who had

never whee/ed there were significant differences in sRJU between risk

groups (p<0,001). Children at high risk (n=S7) had a higher sRJU (geo-

metric mean 1.17 kPa/s. 1.12-1 .22) than children at medium risk in=l62;

1.02 kPa/s, 1.00-1.05) and at low risk (54: 1.04 kPa/s, 0.99-1.11). Atopic

children ( n=62 ) had significantly higher sR.,„ (1.15 kPa/s. 1 .09- 1.21) than

those who were not atopic (232; 1.05 kPa/s, 1.02-1.07, p=0.002). For

non-atopic children, those at high risk (58) had higher sR,„ i l.l3kPa/s,

1.07-1.18) than those at medium risk (125, l.OlkPa/s. 0.98-1.05) Ol at

low risk (49. 1,04 kPa/s. 0.97-1.10. p=0.003). We showed a significant

interaction between history ot maternal asthma and child's atopic status

(p=0.006). INTERPRETATION: Even in the absence of respirator]

symptoms, children of atopic parents and those with personal atopy have

impaired lung function in early life.

pll in Expired Breath Condensate of Patients with Inflammatory

Airway Diseases Kostikas K. Papatheodorou G. Ganas K. Psathakis K.

Panagou P. Loukides S. Am J Respir Crit Care Med 2002 May

15 ; 165( 1 0): 1364- 1 370.

Endogenous airway acidification, as assessed by pH in expired breath

condensate, has been implicated in asthma pathophysiology. We mea-

sured pH in breath condensate ol patients with inflammatory airway dis-

eases in stable condition and examined its relationship with the inflam-

matory process i.is assessed by differential cell counts in induced

sputum), oxidative stress (as assessed by 1I;0 : and 8-isoprostane), and

nunc oxide metabolism (as assessed by total nitrate/nitrite). We studied

40 patients « ith bronchial asthma i2() « ith moderate disease, forced expi-

ratory volume in I second 60 |K>|'< SI) predicted), 20 patients with

bronchiectasis, 20 patients with chronic obstructive pulmonary disease

(COPD), and 10 normal subjects Mean (9591 confidence intervals) pll

values were significantly lower in patients with COPD and bronchiectasis

compared with patients with asthma and control subjects (7.16, 7.09-7.23
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Abstracts

and 7.11, 7.04-7.14 versus 7.43, 7.35-7.52 and 7.57. 7.51-7.64. respec-

tively, p < 0.0001). Patients with moderate asthma had significantly

lower values compared with mild and control subjects In patients with

COPD and bronchiectasis, the \ alues of pH were significantly correlated

with both sputum neutrophilia and oxidative stress. Respectively, m
patients with moderate asthma, a significant correlation was observed

between pH and sputum eosinophilia, total nitrate/nitrite, and oxidative

stress. The pH of the expired breath condensate might he a simple, nonin-

vasive, inexpensive, and easily repeatahle procedure tor the evaluation ol

the inflammatory process in airway diseases.

Systemic Effect Comparisons of Six Inhaled Corticosteroid Preparations

—

Martin RJ. Szefler SJ. Chinehilli VM. Kraft M. Dolovich M, Boushey HA. et al.

AmJRespirCritCare Med 2002 May 15;165(10):1377-1383.

The goal of this study was to establish a reliable method to evaluate sys-

temic bioavailability and to determine equisystemic effects (microgram

dose producing equal systemic Cortisol suppression) of inhaled corticos-

teroids (ICS). Steroid naive asthma subjects (n = 156) were enrolled at six

centers. A 1 -week doubling dose design was used for each of six ICS and

matched placebos for a total of four doses. Systemic effect was evaluated

by hourly plasma Cortisol concentrations iS P.M. to 8 A.M.), 12- and 24-

hour urine Cortisol concentrations, and a morning blood osteocalcin. The

area under the concentration-time curve for hourly Cortisol concentrations

was the best outcome variable to assess systemic effect. For the six ICS

and matching placebos (beclomethasone-chlorofluorocarbon [CFC],

budesonide dry powder inhaler [DPI), fluticasone DPI. fluticasone-CFC

metered dose inhaler |MDI]. flunisohde-CFC, and triamcinolone-CFC).

only the placebo group and fluticasone DPI did not demonstrate a signifi-

cant dose-response effect. Thus microgram comparison of all ICS could

only be performed at a 10% Cortisol suppression: flunisolide-CFC - 936;

triamcinolone-CFC - 787; beclomethasone-CFC - 548; fluticasone DPI -

445; budesonide DPI - 268; fluticasone-CFC MDI -111. This study rep-

resents the first step in evaluation of ICS efficacy based on equisystemic

(Cortisol suppression) effects of a given ICS, rather than doses judged

arbitrarily to be comparable on a microgram basis.

Pre/Postbronchodilator Interrupter Resistance Values in Healthy

Young Children—Beydon N, Amsallem F. Bellet M. Boule M. Chaus-

sain M. Denjean A. et al. Am J Respir Crit Care Med 2002 May
15; 1 651 10 1:1388-1394.

The interrupter technique estimates How resistance. It entails occlusion of

the airways during tidal breathing while flow and mouth pressure are

recorded. This noninvasive technique is easy to use in young children.

The aim of the present study was to measure inspiratory and expiratory-

interrupter resistance (Rint msp . Rintexp) before and after bronchodilator

administration in young healthy white children. We designed a multicen-

ter study using a standardized procedure for Rint measurements. Centers

in five French cities studied 91 children (48 boys and 43 girls; height. 92

to 129 cm; mean age 5.3 ± 1.4 years). Mean values were not significantly

different for Rint,,,,,,, and Rintexp (0.78 ± 0.2 1 versus 0.7S ± 0.20 Kpa • L '

• second). However, the difference between Rint,,,,,, and Rintexp decreased

significantly with age and being positive before 5 years and negative later

on ip < 0.02). Rintinsp and RintlAp decreased significantly- with height

(Rintjnsp [Kpa • L ' • second] = 2.289 - 1 .37. 10 :
- H [cm], Rintexp [Kpa L

• second
|
= 2.02 1

- 1.12.10 -H [cm]; p< 0.001). Bronchodilator (salbu-

tamol) administration significantly decreased Rint„„
p
and RmllM , (p <

0.001 I. Bronchodilator-induced changes (% of predicted values) in mean

Rint,nsp and mean Rintexp were -159! (95'
; confidence interval. -46 to

f 15';
i ,uul I2'i C>v, confidence interval. -46 to +22', I. respectively.

Sex did not affect pre- or postbronchodilator values. Data from the pre-

sent studv may prove useful for testing lung function in young children

with respirator) disorders who failed to cooperate with forced expiratorj

maneuvers.

Cardiorespiratory Effects of Inelastic Chest Wall Restriction—Miller

JD, Beck KC. Joyner MJ. Bnce AG. Johnson BD. J Appl Physiol 2002

Jun;92(6):2419-2428.

We examined the effects of chest wall restriction (CWR) on cardiorespi-

ratory function at rest and during exercise in healthy subjects in an

attempt to approximate the cardiorespiratory interactions observed in

clinical conditions that result in restrictive lung and/or chest wall changes

and a reduced intrathoracic space. Canvas snaps were applied around the

thorax and abdomen so that vital capacity was reduced by >35%. Data

were acquired at rest and during cycle ergometry at 25 and 45^ of peak

workloads. CWR elicited significant increases in the flow-resistive work

performed on the lung (160%) and the gastric pressure-time integral

(>40()';( I at the higher workload, but it resulted in a decrease in the elastic-

work performed on the lung (56%) compared with control conditions.

With CWR. heart rate increased and stroke volume (SVl fell, resulting in

>10% fall in cardiac output at rest and during exercise at matched work-

loads (p < 0.05). Blood pressure and catecholamines were significant!)

elevated during CWR exercise conditions Ip < 0.05). We conclude that

CWR significantly impairs SV during exercise and that a compensator),

increase in heart rate does not prevent a significant reduction in cardiac

output. O: consumption appears to be maintained via increased extraction

and a redistribution of blood flow via sympathetic activation.

Altered Diaphragm Contractile Properties with Controlled Mechani-

cal Ventilation—Sassoon CS. Caiozzo VJ. Manka A. Sieck GC. J Appl

Physiol 2002 Jun;92(6):2585-2595.

This study shows that, over time, diaphragm inactivity with controlled

mechanical ventilation (CMV) decreases diaphragm force and produces

myofibril damage contributing to the reduced force. We measured in \ ivo

and in vitro diaphragm contractile and morphological properties in 30

sedated rabbits grouped (n = 6) as follows: 1 or 3 days of CMV. I or 3

days of cntH:0 continuous positive airway pressure, and control. The

CMV rate was set sufficient to suppress diaphragm electrical activity.

Compared with the control group, phrenic-stimulated maximum transdi-

aphragmatic pressure did not decrease with continuous positive airway

pressure but decreased to 639r after I day of CMV and to 49"7r after 3

days of CMV. The in vitro tetanic force decreased to 86rr after I da) ol

CMV and to 44% after 3 days of CMV. After 3 days of CMV, significant

myofibril damage occurred in the diaphragm but not in the soleus. The

decrease in tetanic force correlated with the volume density of abnormal

myofibrils. We conclude that CMV had a detrimental effect on

diaphragm contractile properties.

Mast-Cell Infiltration of Airway Smooth Muscle in Asthma

—

Brightling CE, Bradding P, Symon FA. Holgate ST, Wardlaw AJ. Pavord

ID. N Engl J Med 2002 May 30:346(22): 1699-1 705.

BACKGROUND: Asthma and eosinophilic bronchitis arc characterized

by similar inflammatory infiltrates in the submucosa of the lower aire .in

However, eosinophilic bronchitis differs from asthma in that there is no

variable airflow obstruction or airway hyperresponsiveness in the former

condition. We tested (he hypothesis that there were differences between

the iwo conditions in the microlocah/ation of mast cells within the air-

way smooth muscle. METHODS: Immunohistochemical analysis of

bronchial-biopsy specimens was completed in 17 subjects with asthma.

I 3 subjects with eosinophilic bronchitis, and I 1 normal controls recruited

from two centers. RESULTS: Both groups with disease had a similar

degree of submucosal eosinophilia and thickening ol the basement mem-
brane and lamina reticularis. By contrast, the number of tryptase-positive

mast cells in the bundles of airway smooth muscle from subjects with

asthma i median. 5.1 mast cells per square millimeter of smooth muscle

[range, to 33.3]) was substantially higher than that in subjects with

eosinophilic bronchitis i median. mast cells per square millimeter;
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Abstracts

range. to 4. Si and that in normal controls (median, mast cells per

square millimeter [range. to 6.4]; p<0.00l for the comparison

among the three groups). T cells and eosinophils were not usually

seen in the airway smooth muscle in any of the groups. CONCLU-
SIONS: The infiltration of airway smooth muscle by mast cells is

associated with the disordered airway function found in asthma.

Nurse-Staffing Levels and the Quality of Care in Hospitals—
Needleman J. Buerhaus P. Mattke S, Stewart M. Zelevinsky K. N
Engl J Med 2002 May 30;346(22):1715-1722.

BACKGROUND: It is uncertain whether lower levels of staffing hy

nurses at hospitals are associated with an increased risk that patients

will have complications or die. METHODS: We used administrative

data from 1997 for 799 hospitals in 1 1 states (covering 5.075.969 dis-

charges of medical patients and 1.104,659 discharges of surgical

patients) to examine the relation between the amount of care pro-

vided by nurses at the hospital and patients' outcomes. We conducted

regression analyses in which we controlled for patients' risk of

adverse outcomes, differences in the nursing care needed for each

hospital's patients, and other variables. RESULTS: The mean num-

ber of hours of nursing care per patient-day was 1 1.4, of which 7.8

hours were provided by registered nurses, 1 .2 hours by licensed prac-

tical nurses, and 2.4 hours by nurses' aides. Among medical patients,

a higher proportion of hours of care per day provided by registered

nurses and a greater absolute number of hours of care per day pro-

vided by registered nurses were associated with a shorter length of

stay (p=0.01 and p<0.001, respectively) and lower rates of both uri-

nary tract infections (p<0.001 and p=0.003. respectively) and upper

gastrointestinal bleeding (p=0.03 and p=0.007. respectively). A
higher proportion of hours of care provided by registered nurses was

also associated with lower rates of pneumonia (p=0.001), shock or

cardiac arrest (p=0.007), and "failure to rescue." which was defined

as death from pneumonia, shock or cardiac arrest, upper gastroin-

testinal bleeding, sepsis, or deep venous thrombosis (p=0.05).

Among surgical patients, a higher proportion of care provided by reg-

istered nurses was associated with lower rates of urinary tract infec-

tions (p=0.04). and a greater number of hours of care per day pro-

vided by registered nurses was associated with lower rates of "failure

to rescue" (p=0.008). We found no associations between increased

levels of staffing by registered nurses and the rate of in-hospital

death or between increased staffing by licensed practical nurses or

nurses' aides and the rate of adverse outcomes. CONCLUSIONS: A
higher proportion of hours of nursing care provided by registered

nurses and a greater number of hours of care by registered nurses per

day are associated with better care for hospitalized patients.

Is More Neonatal Intensive Care Always Better? Insights from a

Cross-National Comparison of Reproductive Care—Thompson

LA. Goodman DC, Little GA. Pediatrics 2002 Jun; 1 09(6): 1036- 1 043.

BACKGROUND: Despite high per capita health care expenditure,

the United States has crude infant survival rates that are lower than

similarly developed nations. Although differences in vital recording

and socioeconomic risk have been studied, a systematic, cross-

national comparison of perinatal health care systems is lacking.

OBJECTIVE: To characterize sv stems of reproductive care for the

United States. Australia. Canada, and the United Kingdom, including

a detailed analysis of neonatal intensive care and mortality.

Design/Methods. Comparison of selected indicators of reproductive

care and mortality from 1993-2000 through a systematic review ol

journal and government publications and structured interviews of

leaders in perinatal and neonatal care. RESULTS: Compared with the

other 3 countries, the United States has more neonatal intensive care

resources yet provides proportionately less support for preconception

and prenatal care. Unlike the United Stales, the other countries pro-

vided tree family planning services and prenatal and perinatal physi-

cian care, and the United Kingdom and Australia paid for all contra-

ception. The United Stales has high neonatal intensive care capacity,

with 6. 1 neonatologists per 10 000 live births: Australia. 3.7: Canada.

3.3: and the United Kingdom. 2.7. For intensive care beds, the United

States has 3.3 per 10 000 live births: Australia and Canada. 2.6; and

the United Kingdom. 0.67. Greater neonatal intensive care resources

were not consistently associated with lower birth weight-specific

mortality. The relative risk (United States as reference) of neonatal

mortality for infants <1000 g was 0.84 lor Australia. 1.12 for Canada,

and 0.99 for the United Kingdom: for 1000 to 2499 g infants, the rel-

ative risk was 0.97 for Australia. 1.26 for Canada, and 0.95 for the

United Kingdom. As reported elsewhere, low birth weight rates were

notably higher in the United States, partially explaining the high

crude mortality rates. CONCLUSIONS: The United Stales has signif-

icantly greater neonatal intensive care resources per capita, compared

with 3 other developed countries, without having consistently better

birth weight-specific mortality. Despite low birth weight rates that

exceed other countries, the United Stales has proportionately more

providers per low birth weight infant, but offers less extensive pre-

conception and prenatal services. This study questions the effective-

ness of the current distribution of US reproductive care resources and

its emphasis on neonatal intensive care.

Spontaneous Pneumothorax During Pregnancy—Gorospe I.

Puente S. Madrid C. Novo S. Gil-Alonso JL. Guntinas A. South Med
J 2002 May:95(5 1:555-558.

Spontaneous pneumothorax complicating pregnane) is rare. Only 41

cases have been previously published. We describe a case of sponta-

neous pneumothorax successfully treated with tube thoracostomy

during the 38th week of pregnancy. Under epidural anesthesia, the

patient had vaginal delivery of a healthy male infant 36 hours after

tube thoracostomy.

Ventilator- Associated Pneumonia in Pediatric Intensive Care

Unit Patients: Risk Factors and Outcomes— Elvvard AM. Warren

DK. Fraser VJ. Pediatrics 2002 May:109<5):758-764.

OBJECTIVES: To determine the rates, risk factors, and outcomes of

ventilator-associated pneumonia in pediatric intensive care unit

(PICUl patients. METHODS: A prospective cohort study was con-

ducted at the St Louis Children's Hospital P1CU on all patients who
were admitted to the PICU from September 1. 1999. to May 31. 2000.

except those who died within 24 hours, were >18 years of age. or

were neonatal intensive care unit patients on extracorporeal mem-

brane oxygenation. The primary outcome measured was the develop-

ment of ventilator-associated pneumonia. Secondary outcomes were

death and hospital and PICU length of stay. Multiple logistic regres-

sion analysis was performed to determine independent predictors lor

ventilator-associated pneumonia. RESULTS: There were 34 episodes

of ventilator-associated pneumonia in 30 patients of 91 I admissions

i J v.
i and 595 o.l'i I mechanically ventilated patients. The mean

ventilator-associated pneumonia rate was 11.6/1000 ventilator days

By logistic regression analysis, genetic syndrome (odds ratio |OR|:

2.37; 95', confidence interval [CI]: 1.01-5.46). reintuhation (OR:

2.71; 959E CI: 1.18-6.21). and transport out of the PICU lOR: 8.90:

95'; CI: 3.82-20.74) independently predicted ventilator-associated

pneumonia. CONCLUSIONS: Ventilator-associated pneumonia

occurs al significant rates among mechanically ventilated PICU

patients and is associated with processes of care. Additional studies

are necessary to develop interventions to prevent ventilator-associ-

ated pneumonia
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Editorials

To Blow or Not to Blow—That Is the Question

To be. or not to be—that is the question

—

Shakespeare. Hamlet. Ill, i. 57

Our man Hamlet was clearly in a quandary when he

Uttered those words, but a similar quandary faces us today

when we come to the question of whether we should screen

for lung disease by performing spirometry.

Long before the formation of the National Lung Health

Education Program, members of the pulmonary commu-

nity had IrequentK called for the wider use of spirometry

to stem the tide of rising mortality due to lung disease. 1

Yet it would appear that those culls for the general use of

spirometry have largely fallen on deaf ears. Why?

See the Original Study on Page 1 150

Current standards of medical practice hold that if one

suspects heart disease or if a patient is considered at risk

for heart disease, then obtaining an electrocardiogram or.

at the least, measuring blood pressure is indicated. No

physician would even consider not measuring blood pres-

sure, even with a patient who is seen only for a routine

visit. So why is it that spirometry is not a routine test'.'

Indeed, it is unclear why the spirometer has not joined the

thermometer, sphygmomanometer, chest radiograph, and

electrocardiograph as a prominent tool in the physician's

office. Perhaps we can gain some insight into this paradox

if I relate to you a recent experience.

As part of a steering committee for an upcoming con-

ference, I attended a meeting to discuss the election of

speakers on the latest approaches to the management of

chronic obstructive pulmonary disease. One of the com-

mittee members is a practicing physician in the area, who
was participating via conference call from his office. When

the inclusion of spirometry as a conference topic came up.

we asked him if that topic would be attractive to the pri-

vate physician and also did he routinely use spirometry in

his office. He immediately went on the defensive and stated

that he was too busy: he had 3 examination rooms full of

patients, no time to do spirometry, and. "Besides, il you

can't do it right, why do spirometry at all' " I thought to ask

him if he felt the same way about blood pressure, height,

and weight measurements, but held mv tongue. Why did

our busy pulmonary physician not routinely use spirome-

try in his practice, when we now know the merits of this

clinical test? I believe there are 4 major misconceptions or

perceived obstacles that keep physicians and other health

care workers from using this exceptionally useful lest.

1. Spirometry Is a Pour Test and of Little Benefit

Nothing could be further from the truth. If you perform

spirometry or teach about it, 1 strongly encourage you to

read the National Lung Health Education Program's recent

position paper.- The take-home message is that spirometry

is one of the best clinical tests we have. For example, how

many clinical tests do you know of that reproduce with a

coefficient of variation of ± 2—3%?3 -4 Did you know that

spirometry (forced vital capacity [FVC]) beat out blood

pressure as a predictor of heart disease in the Framingham

Study." And did you know that spirometry (forced expi-

ratory volume in the first second [FEV,]) is the best pre-

dictor of mortality due to all causes?6 - 7 Clearly, spirometry

is not only a good clinical test, it might just be an out-

standing clinical test.

2. The Equipment Is Bulky, Not Very Good, and

Expensive

This used to be true, but not any longer. The efforts of

the American Thoracic Society to improve spirometers

and spirometry' have all but eliminated poor spirometer

performance. That is not to say that any given spirometer

is always working correctly; spirometers are more com

plex than sphygmomanometers, making them more prone

to problems. However, most problems are solved by a

quality control program of device calibration and testing

of laboratory personnel.2 -8 The bulkiness of spirometers

has disappeared with the advent of flow sensors, lap-top

computers, and microprocessor chips. Now a perfectly good

spirometer can be the size of a hand-held v ideo game. The

cost has fallen also. In this issue of Ri si'ik vimo C \ki the

report bj Schoh ct al" used such a modem spirometer,

which cost about $500, with 394 people at a health lair,

and with great success. The bulkiness. accuracy, and cost

barriers to spirometry are gone.

3. Spirometry A Hard to Do Right

It spirometry is that hard to do right, then why ate so

many scientific reports written and published in which the
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major outcome variable is spirometry values? If spirome-

try is so hard to do right, why did Schoh et al" choose to

measure FEV, at a health fair to lest 394 people.' A pul-

monary function laboratory that I once directed was ac-

cused of slowing down patient How by our insistence on

performing spirometry prior to the patient seeing the phy-

sician—apparently a novel concept! We set up a quality-

assurance/quality-control project that showed that a spi-

rometry study that included bronchodilation took about I?

minutes. Spirometry alone (hut with time taken for height,

weight, and data entry) took a mere 5-7 minutes. Most

physicians typically see 8-12 patients in a half-day clinic.

Given that you can charge lor the test well, you get

the picture.

The real Achilles heel of spirometry is that, unlike other

routine clinical tests, it requires active and maximal par-

ticipation hy the subject, and one of the keys to successful

spirometry is the person administering it. Administering

spirometry takes good coaching skills that not everyone

has.3 -7 Remember, though, that even substandard spirom-

etry tests are still interpretable,3 -4 and failure to perform

spirometry properly is one indicator of disease. 10 Indeed,

the report by Schoh et al9 demonstrates that it is very

feasible to conduct spirometry in the general public in a

suboptimal setting. So it is hard to believe that spirometry

is so time-consuming or hard to do right that this should be

a real barrier to the use of spirometry.

4. What Do All the Numbers Mean and What Do I Do
with Them?

1 submit that this is the real barrier to the general use ol

spirometry. I am often asked for references about spirom-

etry interpretation, and. sad to say, there are limited offer-

ings. While there are many articles on theory, equipment,

and performance, there is little to be found in textbooks on

fundamental interpretation of test results. This state of

affairs is best observed when the new first-year pulmonary

fellows arrive each July. When presented with a flow-

volume loop, or even just FEV|/FVC, they are at a total

loss as to how to interpret these findings This is in sharp

contrast to when they are presented with a 12-lead elec-

trocardiogram, which they handle as though they were

born cardiologists. So why the difference? The answer is

simple. It's the education they receive. Most tell me that

the} receive little if any instruction in lung function test-

ing, or its interpretation, in medical school or during res-

idency, whereas from the beginning they are exposed to

Correspondence: Charles G Irvin PhD, Vermont Lung Center, University

ol Vermont, Room 22(1. IISRI . I4>) Beaumonl Avenue, Burlington VI

05405-0075. E-mail: cirvin@zoo.uvm.edu,

advanced measures of heart performance and their inter-

pretation.

Currently, mortality due to lung disease is ranked num-

ber 4 and is projected to rise to number 3 by 2020." ,: This

dramatic rise in death rates due to lung disease comes m
face of the fact that (he other 6—8 leading causes ol mor-

tality in this country continue to fall. And while the num-

ber of patients with doctor-diagnosed chrome obstructive

pulmonary disease is estimated al 10 million, the number

of people in the general population with abnormal lung

function is estimated at 24 million; accordingly, the under-

diagnosis of lung disease may approach some 14 million

persons. 12

The best way to meet these challenges is education. Yet

our doctors, respiratory therapists, and other health-related

professionals are not receiving even cursory education in

the use and value of spirometry, in spite of the fact that

spirometry is one of the best clinical tests we have. This

failure is the fault of our education system. The pulmonary

community has not made it a priority to educate others in

the value, performance, and, most of all. the interpretation

of even basic office spirometry. And the situation was the

same more than 20 years ago. when it was observed:

Perhaps even greater responsibility lor the near ab-

sence ol (he use of pulmonary function in the pre-

vention of chronic limitation of airflow must be

borne by the expert in pulmonary medicine, espe-

cially in his relation to the nonspecialist. if evalu-

ation of pulmonary function is to play a significant

role in the prevention of chronic limitation of air-

flow, it is the pulmonary specialist who is in the

best position to educate the rest of the health pro-

fessions: yet the pulmonary specialist is no more

likely to use pulmonary function for prevention than

the nonpulmonary specialist. 1

Or perhaps, as (he comic strip character Pogo would

say. "We have met (he enemy and they is us." So what arc

we going lo do about it?

Charles G Irvin PhD
Vermont Lung Center

College of Medicine

University of Vermont

Burlington. Vermont
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Equality for Women Is Not Fair

"You've come a long way, baby," the theme of many

cigarette ads directed toward women, emphasizing the

glamour and sexiness of smoking, has now paid off. A
recent study by the Centers for Disease Control (CDC), 1

which is reprinted in this issue of Respiratory Care, showed

that chronic obstructive pulmonary disease (COPD) death

among women more than equaled that among men in the

year 2000 (59,936 vs 59,1 18). This is more than equality-

it's a disaster!

A number of studies have suggested that smoking women
are more susceptible to developing COPD than are men.- 4

Women who are susceptible may develop COPD at an

earlier age and with less duration or intensity of smoking,

and women have a greater degree of nonspecific bronchial

hyperreactivity than men, as demonstrated in the Lung

Health Study. 5 So women should be very alert to the risk

of developing COPD and, for that matter, related lung

cancer.

See the Special Article on Page 1 184

It appears that the tobacco industry may be stalking

women. Their emphasis on women in recent advertising

campaigns is an example. Remember the long brown cig-

arette ads'? "How can you smoke a long brown cigarette?"

the man asks. "Easy," replies the woman, "I want more of

a good thing." Another scene shows a woman with a long

cigarette. "That cigarette's so long, we'll miss the wed-

ding." the bridesmaid says. "I'm the bride: they'll wait." A
favorite in my series of slides I sometimes present at grand

rounds as "Seduced by Smoking" shows a man and a

woman under an umbrella in a rainstorm. "How do you

keep such a long cigarette dry?" he asks. "I only date men
with big umbrellas," she replies. Give me a break!

Though only 1 in 5 smokers develops COPD. no one

knows who will develop the disease, unless there is a

strong family history or occupational risk. It is well known
that COPD has few or even no symptoms until it becomes

far advanced. The alarming rise in COPD deaths among
women is only half the problem. COPD deaths among men
also continue to rise. If mortality trends continue, there

will be more than 120.000 COPD deaths in 2002. COPD
is now the fourth most common cause of death and the

only disease in the top 10 killers that continues to rise.

This is despite advances in care of advanced COPD. in-

cluding oxygen in selected cases, pulmonary rehabilita-

tion, and improved methods of managing acute respiratory

failure. 6

The recently released CDC study 1 indicates that as many

as 50% of patients with COPD are undiagnosed today. A
similar conclusion was drawn from the National Health

and Nutrition Examination Survey study. 7 Thus, the major

challenge is obvious: to identify mild-to-moderate stages

of lung disease, as a basis for intervention.

The National Lung Health Education Program (NLHEP)

was launched in 1997 as a major grassroots initiative de-

signed to identify and treat patients with mild-to-moderate

stages of disease. x "Test Your Lungs, Know Your Num-

bers " is the motto of the NLHEP. The NLHEP is in part-

nership with the American Association for Respiratory

Care. Thus, some 130.000 respiratory therapists are the

foot soldiers for the NLHEP. working in nearly every

hospital in the United States. Today a grassroots effort for

early identification of COPD and related disorders is un-

derway. NLHEP recommends spirometric testing of all

current or former smokers age 45 or older and of anyone

with chronic cough, dyspnea on exertion, mucus hyperse-

cretion, or wheeze.
1

' The Lung Health Study demonstrated

that both men and women who successfully stop smoking

have an initial improvement in air flow, as measured by

forced expiratory volume in the first second, followed by

a slow decline over 5 years, compared with those w bo

continued to smoke, who have a much more rapid rate of

decline. 10 The spirometer is the key instrument for diag-

nosis. It must be used in all primary care physicians' of-

fices and in the offices of many specialists who see pa-

tients with dyspnea, such as cardiologists.

Although the tobacco industry has been giving prefer-

ential treatment to women to entice them to start smoking,

this is not fair, because women are so susceptible to the

harmful effects of tobacco. Today some progress is being

made in modifying youth smoking behavior and there has

been a slight decline in student smoking."

One hopeful conclusion from the CDC study 1

is a re-

duction of the prevalence of mild-to-moderate COPD in

people under age 55. If we can reduce teenage smoking

and find the middle-age smokers with incipient stages of

disease, we may be able to stop the upward trend of hos-

pitalization and mortality.
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Ii is time for a call to arms. Early identification and

treatment of COPD can make an impact. Smoking cessa-

tion and the use of a growing number of bronchoactive

drugs can improve the outcome of COPD. We can prevent

or forestall the progress into the advanced stages of the

disease. "Test Your Lungs, Know Your Numbers, " stay

healthy, and enjoy life in a smoke-free environment.

Thomas L Petty MD
National Lung Health Education Program

University of Colorado Health Sciences Center

Denver, Colorado
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Original Contributions

Performance of a New Screening Spirometer

at a Community Health Fair

Robin J Schoh MSc MBA, Laura J Fero RN. Howard Shapiro PhD, Jordan P Aslor MBA RPFT,

Oscar J Kaelin MSEE, Donald R Rollins MD, and Thomas L Petty MD

OBJECTIVE: Compare the results from a new screening spirometer (EasyOne) with the results

from a standard laboratory spirometer (Vmax) approved by the American Thoracic Society. SET-

TING: A health fair at a community hospital. METHODS: We measured forced expiratory volume

in the first second (KEY,) and forced expiratory volume in the first 6 seconds (FEY'J. With the

screening spirometer, good quality testing was achieved in 359 of 394 subjects (91 % ), and 1 15 subjects

were also tested with the standard laboratory spirometer. The best test values for FEV, and FEV6 were

taken for 3 tests that agreed within 3%. FEV
ft
was extrapolated from forced vital capacity on the

printouts from the standard laboratory spirometer. RESULTS: Correlations between the screening

spirometer results and the standard laboratory spirometer were excellent for ¥hl\
t
(r = 0.93). FEV6

(r = 0.96). and FEV,/FEV
()

(r = 0.72) (p = 0.001 for all comparisons). The 95% limits of agreement

(mean difference between the 2 spirometers ± 1.96 standard deviations) were: -0.18 and 0.69 for FEV,;

-0.24 and 0.81 for FEV6 ; and -0.12 and 0.13 for FEV,/FEVh . CONCEUSION: The new screening

spirometer is suitable for clinical use. Key words: screening, spirometry, spirometer, EasyOne, SensorMed-

ics, Vmax, health fair. [Respir Care 2<)02;47( 10): 1 150-1 157]

Introduction

Screening for occult disease is commonplace in the

United States. 1 2 Community-sponsored health and well-

ness programs often offer tests for blood pressure, eye-

sight, hearing, cholesterol, diabetes, osteoporosis, breast,

colon, and prostate cancer, and tests for less common dis-

orders. Such screening is often conducted at community

health fairs. Spirometry screening is sometimes done at

such events.

Since spirometry is predictive of risk of death from

heart attack, stroke, lung cancer, chronic obstructive pul-

monary disease, and all-cause mortality, it is an appropri-

ate addition to community health screening projects. One

previous community project offered spirometric screening

to the entire metropolitan population of Denver. Colorado,

on a single day. 3 In fact. 2.586 patients were tested at

multiple locations during two 4-hour periods on 2 separate

Saturday mornings. Follow-up showed that such screen-

ing, using a new and previously validated electric spirom-

eter,4 yielded credible results.'

Rohm J Schoh MSc MBA is affiliated with Banner Health Systems,

1 oveland, Colorado. Laura J Fero RN is affiliated with MeKee Medical

Center, Loveland, Colorado. Howard Shapiro PhD is affiliated with

HealthONE Alliance, Denver, Colorado. Jordan P Aslor MBA RPFT is

affiliated with the Department of Cardiovascular Services and Sleep

Disorders, McKee Medical Center, Loveland, Colorado. Oscar .1 Kaelin

MSEE is affiliated with ndd Medical Technologies, Andover, Massachu-

setts. Donald R Rollins MD is affiliated with The Greenbrier Clinic,

White Sulphur Springs. West Virginia. Thomas I. Petty MD is affiliated

with the Universitj of Colorado Health Sciences Center. Denver, Colo-

rado, and with the National lung Health Education Program, Denvet

I olorado, and with Rush-Presbyterian-St Luke's Medical Center, Chi-

cago, Illinois.

See the Related Editorial on Page 1 145

A new national health care initiative recommends rou-

tine spirometrj screening of all smokers over age 45 and

of anyone with chronic cough, mucus hypersecretion, dys-

Correspondence: Thomas L Petty MD. National Lung Health Education

Program. 899 Logan St. 2nd Floor, Denver CO 80203-3130.
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Fig. 1. Participants at the Loveland Health Fair using the EasyOne

screening spirometer. The spirometry was conducted by nurses

and respiratory therapists.

pnea on exertion, or wheeze.5 That initiative is called the

National Lung Health Education Program (NI.HEP)."

In response to the NLHEP several spirometer manufac-

turers have developed and marketed new . simple, accurate,

and inexpensive hand-held spirometers Tor the purpose of

promoting widespread spirometric screening. One such new

device (EasyOne, ndd Medical Technologies. Andover,

Massachusetts i meets.American Thoracic Societ) standards

and has United States Food and Drug Administration ap-

proval. We used several EasyOne spirometers at a Satin -

Table I Demographics ol Health Fair Participants

Mean age (j SD)

Vge range (j i

Female

Male

$59

mis 12.9

>3 91

236(6691 i

123(34%)

day-morning community health fair (2 sessions. 4 weeks

apart). We aimed to validate the performance of the new

spirometer and its agreement with an established .Ameri-

can Thoracic Society-approved spirometer (Vmax.

V1ASYS Healthcare/SensorMedics, Yorba Linda, Califor-

nia) that is commonly used in pulmonar) function labora-

tories todav

.

The purpose of this report is to document the perfor-

mance of the EasyOne device and its agreement with the

Vmax spirometer. A secondary aim was to learn the num-

ber of abnormal spirometry measurements detected at such

a health fair event. A later study will evaluate whether the

finding of new spirometric abnormalities resulted in any

behavioral changes in subjects whose spirometry was ab-

normal.

Methods

Following 2 briefing sessions with the hospital well-

ness, community nursing, respiratory therapy, and admin-

istrative staffs, and a familiarity program that emphasized

the performance characteristics of the new screening spi-

rometer, we conducted spirometry on a convenience sam-

ple of participants at a community health fair. Written,

informed consent was obtained from all subjects. The stud)

was approved by the Human Subjects Committee of Mc-

Kee Hospital, Loveland. Colorado. The community health

fair took place between 6:30 am and noon on 2 Saturday

mornings. April 1st and April 29th. 2000. at Mckee Hos-

pital. Loveland. Colorado, the only community hospital

that serves Loveland, which has a population of about

60.000. Participants came by previously arranged appoint-

ments. In all, 1.270 people came for the full array of tests

offered. Spirometry had not previously been offered at this

annual health fair.

Before the spirometry each subject filled out a I -page

history form that focused on common pulmonar) symp-

Table Screening Spirometer Test Results

Normal
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FEV, Values from Vmax Spirometer (L)

Fig. 2. Forced expiratory volume in the first second (FEV,) values from the EasyOne screening spirometer versus the Vmax spirometer.

toms. past diagnoses of pulmonary disease, smoking his-

tory, family history, and occupational history, and asked

about age. height, sex. and weight.

Five screening spirometers were used during the first

testing day and 7 during the second testing day. All the

spirometers were calibrated with a 3 L syringe. Tests with

the Vmax device were all conducted by a respiratory ther-

apist with certification in spirometry (ie. a registered pul-

monary function technician). The EasyOne devices were

used by nurses and other technicians with varied but lim-

ited experience in spirometry. These personnel had all

received an approximately 1-hour instruction session with

the EasyOne. Participant waiting times for testing were

estimated to be < 5 min in most cases. Few participants

left the waiting queue. Figure 1 illustrates the use of the

screening spirometer. All testing was done with the par-

ticipants in the seated position. Nose clips were not used.

A forced vital capacity test of at least 6 seconds was re-

quired.

A minimum of 3 tests were done with both the EasyOne

and Vmax devices. The best of the tests that agreed w i thin

3% were recorded for forced expiratory volume in the first
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Fig. 4. Comparison of the ratio of forced expiratory volume in the first second (FEV,) to forced expiratory volume in the first 6 seconds (FEV6 )

from readings from the EasyOne screening spirometer and the Vmax spirometer.

second (FEV, ) and forced expiratory volume in the first 6

seconds (FEV,,). That criterion was arbitrary hut within the

American Thoracic Society standard of 200 ml. for FEV,

and forced vital capacity for values < 6.000 mL. 7 The

device gives an audible cue to continue to exhale for a full

6 seconds.

In an attempt to establish agreement between the results

obtained for the EasyOne screening spirometer and the

Vmax spirometer, as many patients as possible were en-

couraged to have "confirmatory testing" following the ini-

tial screening spirometry. Enthusiasm for the second test-

ing was higher among those patients who had abnormal

test results with the screening spirometer. Additional test-

ing was less popular among subjects who had normal re-

sults, because there were other screenings they wanted to

do at the health fair. As a result. I 15 subjects had both

spirometric tests. The FEV
ft
was extrapolated visually and

manually for the Vmax spirometer on each expiratory spi-

rogram. In only I instance was the FEV,, not achieved with

the Vmax instrument, but a plateau was reached.

A pulmonologist (TLP) was present to answer questions

that are common when a newlv found abnormality is re-

ported to a participant. All test results were printed and

each participant was given the results to keep with his or

her personal health care record or to take to his or her

personal physician.

The statistical methods we used included descriptive

statistics and a measure of agreement between the 2 de-

vices. Agreement was evaluated using 9595 limits ol agree-

meni (assuming normality), as described by Bland mk\

Altaian.8 Basically, the 9595 limits of agreement (mean

difference between the 2 devices ± 1.96 standard devia-

tions) are expected to encompass approximately 95% of

the population of individual differences. The limits are

examined with regard to the clinical acceptance of differ-

ences of that magnitude.

Definition of Abnormal

The presence of an obstructive ventilatory defect was

defined as an FEV,/FEV„ < 0.70 and an absolute FEV,

less than the lower limit of normal. Normal values for

FEV | and FEV
(,
were obtained from a large population

study done as part of the National Health and Nutrition

Examination Survey (NHANES III)." FEV,, is an accepted

surrogate for both obstructive and restrictive ventilatory

disorders. 1 " A restrictive ventilatory defect was defined as

0.80 and an FEV,, less than the lower

A borderline abnormality was arbitrarih

anFEV,/FEV
ft
of

limit of normal

Table 3. Mean Differences Between Vmax and EasyOne Readings

Variable

Mean
Difference

il
i

SD

1 1
\
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A Dyspnea Evaluation Protocol for Respiratory Therapists:

A Feasibility Study

Irene Karampela MD, John Hansen-Flaschen MD, Steven Smith RRT,

Daniel Reily RRT, and Barry D Fuchs MD

PURPOSE: We tested the feasibility of incorporating a dyspnea evaluation protocol into bedside

assessments routinely performed by respiratory therapists (RTs) on mechanically ventilated pa-

tients at a university teaching hospital. METHODS: A dyspnea assessment protocol was incorpo-

rated into the RT assessments performed at 4-hour intervals on endotracheally intubated, mechan-

ically ventilated patients in our medical and surgical intensive care units. RTs were asked to inquire

of all responsive patients: "Are you feeling short of breath right now?" and, if yes, "Is your shortness

of breath mild, moderate, or severe?" We analyzed 324 consecutive patient ventilator flow sheets from

77 medical and 161 surgical intensive care unit patients. RESULTS: Dyspnea scores were recorded

during 1,870 of 2,539 scheduled RT patient assessments. The protocol compliance rate was 74%.

Patients were sufficiently responsive to answer the protocol questions during 32.1% of the bedside

assessments. Dyspnea was recorded in 11% (67/600) of those encounters. Dyspnea was described most

often as mild. CONCLUSIONS: Initial implementation of a dyspnea evaluation protocol was moder-

ately successful in prompting RTs to ask mechanically ventilated patients whether they felt short of

breath during scheduled bedside visits. A rapid bedside evaluation for dyspnea may prove useful in

evaluating the effect on patient distress of implementing protocols designed to optimize ventilator

settings or the use of sedating drugs during mechanical ventilation. By this approach RTs may also be

able to promote a patient-centered approach to managing respiratory failure in the intensive care unit.

Key words: dyspnea, dyspnea evaluation protocol, shortness of breath scale, mechanical ventilation, respi-

ratory therapists. |Respir Care 2002;47( 10): 1 158-1 161
]

Introduction

Even when adequate arterial blood gas values and acid-

base balance are restored, mechanical ventilation does not

invariably alleviate dyspnea experienced by patients in

respiratory failure. 1 4 Because they are endotracheally in-
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Critical Care Division. Department of Medicine, University ofPennsyl-
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Smith and Daniel Reil) are affiliated with Respirator) Care Services,
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Pulmonary, \IIcpj>. ami Critical Care Division, Department of Medi-

cine. University of Pennsylvania, Philadelphia, Pennsylvania.

Irene Karampela MD presented a version of this report at the CHEST
20(11 meeting of the American College of Chest Physicians. Philadelphia.

Pennsylvania, November 4-X. 2001.

tttbated. mechanically ventilated patients are unable to

:speak and therefore cannot complain about shortness ol

breath or other forms of distress unless asked specifically.5

Although mechanically ventilated patients often appear ap-

prehensive or resistive when short of breath, 1 -5 there are no

physical findings associated specifically with dyspnea.

Thus, shortness of breath can develop or become worse

during mechanical ventilation without the awareness of

bedside caregivers.

Clinical investigators have begun to study the preva-

lence and severity of dyspnea experienced by patients un-

dergoing mechanical ventilation, using symptom assess-

ment settles'' or numerical or visual analogue settles.
1
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Results

A loial dI 324 patient ventilator sheets from 238 pa-

tients, totaling 2,539 scheduled dyspnea assessments (Ta-

ble I ) were evaluated. RT protocol compliance was 74%
(1,870/2,539). Six-hundred of 1,870 assessments (32.1?? )

recorded a score of dyspnea. The rest of the patients were

not assessable because they were not alert or communica-

tive, as a result of central nervous system dysfunction or

sedation. Shortness of breath (SOB1. 2. or 3) was recorded

in I 1% (67/600) of the dyspnea assessments performed.

Shortness of breath was graded as mild in 7.8% (47/600)

nl the assessments, as moderate in 2'7< (12/600). and as

severe in 1.3% (8/600).

The data from the medical and surgical ICU populations

were analyzed separately (data not shown). There was no

difference in the number of assessable evaluations in the 2

units (by t test, p = 1.0). Nor was there a difference in the

prevalence and severity of dyspnea (by i test, p = 0.8).

The mean ± SD lime required to complete the dyspnea

evaluation protocol was 17 ± lis during 10 routine bed-

side visits by 5 experienced RTs.

Discussion

This study demonstrates that a simple method of dys-

pnea assessment can be incorporated into the routine bed-

side assessments performed by RTs. Experienced RTs re-

quired an average of 17 seconds to complete the dyspnea

assessment protocol we developed for this study. Shortly

alter introduction of the new protocol, RT compliance was

moderately good overall (74', i and was similar in the

medical and surgical ICTJs.

fins is the first study to estimate the prevalence and

severit) of dyspnea across the spectrum of endotracheally

intubated, mechanicallj ventilated ICU patients at I hos-

pital. Approximately one third oi stud) subjects at our

regional referral hospital were able to answer the 2 yes

or-no questions during routine bedside assessments h\ RTs.

The others were deeply sedated or too impaired neurolog-

ically to respond. Among patients who could answer the

protocol questions. RTs identified dyspnea during II', of

bedside visits. Most often the dyspnea was described as

mild, but some patients described their dyspnea as mod-

erate or severe.

Although muses are encouraged to frequently evaluate

critically ill patients for discomfort and distress, the effec-

tiveness of those assessments for detecting dyspnea in rou-

tine practice is unknown. Physical agitation, anxiety, and

other nonspecific signs of respiratory distress during me-

chanical ventilation may be erroneously attributed to anx-

iety and treated accordingly. As a result, the duration of

mechanical ventilation may be unnecessarily prolonged in

some instances by heavy use of sedating medications to

treat underlying respiratory distress that could be allevi-

ated directly if recognized. 11-13

Even if bedside nurses are often effective at identifying

dyspnea, additional routine dyspnea assessment by RTs

may improve patient care in several ways. First, the more

frequently dyspnea assessments are performed the less time

is likely to elapse between onset and discovery of this

distressing symptom. Second. RTs are well trained to re-

lieve dyspnea by optimizing ventilator settings. 14 suction-

ing the airways, or administering bronchodilators. When
appropriate, those specific dyspnea treatments are greatly

preferable to administration of additional opioids or sedat-

ing drugs. Third, routine dyspnea assessment by RTs can

help ensure that application of new treatment protocols

does not unnecessarily increase patient distress.

Widespread adoption by RTs of a dyspnea assessment

protocol may have even broader implications for the prac-

tice of respiratory care. To date. RTs and other critical care

professionals have focused primary attention on maximiz-

ing the short-term survival of their patients. Though much
work remains to be done toward that primary objective,

recent progress in the treatment of respiratory failure also

provides new opportunities to improve the comfort of pa-

tients undergoing mechanical ventilation. RTs now man-

age a number of therapeutic options for patients in respi-

ratory failure, including a vanetv of ventilation modes and

noninvasive mechanical ventilation. By combining routine

assessment of respirator) distress with judicious use of

those therapies. RTs can expand ICU bedside practice be-

yond optimizing respiratory mechanical function and gas

exchange to include alleviating previously unrecognized

patient distress. This expanded approach to individualizing

ventilatory support has been called "patient-centered me-

chanical ventilation."5

There are important limitations to the present prelimi-

nary study. We did not characterize the medical conditions

or characteristics of our study population, which limits the

generalizabilitv of the findings. We did not svstematicallv

interview participating RTs to determine their acceptance

of the protocol, although informal feedback has generall)
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been positive. We did not examine the durability of pro-

tocol compliance. Clinical protocols often fare best carls

after implementation, when attention is focused on maxi-

mizing compliance. Long-term compliance will depend on

the stall's perception of the protocol's utility, which re-

mains to be tested.

.Another limitation is the possibility that an alert patient

could be confused and give RTs misleading answers to

dyspnea questions. A more detailed patient interview would

be required to rule that out. which would impact the fea-

sibility of the protocol. Routine collaboration with the bed-

side nurse regarding the patient's mental status could min-

imi/e the frequency of unreliable responses hut would not

eliminate the possibility.

Finally, recurrent assessments might cause a patient to

intentionally falsely deny feeling short of breath, in order

to avoid airway suctioning or other unpleasant interven-

tions, if he or she experienced discomfort following a prior

admission of dyspnea to the RT. Although that seems like

an uncommon scenario, it would impact the validity of

our results and lead us to underestimate the prevalence of

dy spnea.

With the goal of maximizing protocol compliance, we

used a quick, simple. 3-point dyspnea severity scale (mild,

moderate, severe) rather than one of the numerical or vi-

sual analogue scales developed by others for research ap-

plication. It will be useful to compare our scale with those

numerical and visual analogue scales, both at baseline and

for assessing changes in the severity of dyspnea in indi-

viduals and between groups. Finally and most importantly,

if routine RT dyspnea evaluation of mechanically venti-

lated patients proves generally feasible, much additional

research will be needed to develop strategies for minimiz-

ing dyspnea without compromising outcomes in the man-

agement of respiratory failure.

Conclusions

Implementation of a hospital-wide dyspnea evaluation

protocol into routine RT assessments of mechanically ven-

tilated patients was feasible and effective. RTs identified

dyspnea aiming a minority of the mechanically ventilated

patients. Although most of those patients reported their

dyspnea to be mild, others were found, unexpectedly, to

have moderate or severe dyspnea. Routine RT evaluations

for dyspnea may prove useful in evaluating the effect on

patient distress of implementing protocols designed to op-

timize ventilator settings or the use of sedating drugs dur-

ing mechanical ventilation. RTs can thus use a patient-

centered approach to managing mechanical ventilation in

the ICU.
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A Comparison of Intrapulmonary Percussive Ventilation

and Conventional Chest Physiotherapy for

the Treatment of Atelectasis in the Pediatric Patient

Kathleen Deakins RRT and Robert L Chatburn RRT FAARC

OBJECTIVE: Compare intrapulmonary percussive ventilation (IPV) to conventional chest phys-

iotherapy (CPT) and determine their effects on improving atelectasis and static compliance in

pediatric patients. MKTHODS: We conducted a retrospective study of 46 patients who received IPV

therapy with the Percussionator IPV-1 ventilator at frequencies of 180-220 cycles/mill and pres-

sures of 15-30 cm H 2(). Medicated aerosol therapy with albuterol 2.5 nig in 6 mL normal saline

solution was delivered with each IPV treatment. Baseline and suhsequent chest radiographs were

evaluated by a pediatric radiologist. We used an ordinal scoring system to measure the degree of

atelectasis to evaluate chest radiographs (4 = complete collapse, = complete resolution). Then we

conducted a prospective, randomized, controlled study of intubated and mechanically ventilated pa-

tients to compare changes in atelectasis and static compliance. Baseline and daily chest radiographs were

evaluated using the same scoring system as in the retrospective pilot evaluation. Patients were ventilated

in the volume-controlled, synchronized intermittent mandatory ventilation mode, with tidal volumes of

6-10 mlAg. Patients were randomized to CPT (clapping and vibration) or IPV at frequencies of

180-220 cycles/min and pressures of 15-30 cm H 2() (equal to the peak pressures on the ventilator), with 6

mL of normal saline solution via medicated aerosol. Both treatments were given every 4 h and lasted 10-15

min. Static compliance measurements were calculated from exhaled tidal volumes and plateau pressures.

RESULTS: In the retros|x-ctive study the median age of patients receiving IPV was 4.2 years and the median

duration of IPV was 6.2 days. A change in atelectasis score from 3 to 1 (p < 0.001) was seen. In the

randomized, controlled trial the median age of patients was 3.1 years. Atelectasis scores before treatment

were comparable between the CPT and IPV groups (median 2.0 for both groups, p = 0.530). Atelectasis

scores after treatment were unchanged in the CPT group (median 2.0, p = 0.421) but improved in the IPV

group (median 1.0, p = 0.026). Treatment lasted an average of 6.2 days in the CPT group and 2.1 days in the

IPV group (p = 0.018). Neither group showed any change in static compliance following treatment. CON-
CLUSIONS: In the retrospective study a clinically important improvement in atelectasis was seen in patients

who received IPV therapy. In the controlled, clinical trial the IPV group showed more clinically important

improvement in atelectasis than the CPT group. IPV is a safe and effective method of alternative airway

clearance and can be used on patients with artificial airways. Key words: intrapulmonary percussive ventilation,

chest physiotherapy, atelectasis, pediatric. [Respir Cue 2(X)2;47( 10):1 162-1 I67|

Introduction

Airway clearance modalities are used to increase the

effectiveness of cough, assist in mobilizing secretions, re-
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solve atelectasis, and improve ventilation ami oxygenation.'

Conventional chest physiotherapy (CPT) methods include

clapping, vibration, and postural drainage, which promote

mobilization of secretions and improve cough in patients

with atelectasis. Clinical practice guidelines have been es-
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tablished for CPT and positive expiratory pressure (PEP).

Oscillatory PEP (using either the Flutter valve or the

Axapella device), high-frequency chest wall compression

(HFCWC). and intrapulmonary percussive ventilation

(IPV) are newer therapies awaiting the development of

clinical practice guidelines.-
s

Pediatric applications of air-

way clearance therapies include all of the currently estab-

lished adult modalities. Selection of appropriate therapy is

based Oil the patient's clinical presentation, the indications for

treatment, and the patient's ability to perform the therapy.

IPV is the delivery of high frequency, low-volume, pos-

itive-pressure breaths in the range of 100-300 cycles/min.

This mode of CPT creates an internal percussion effect on

the lungs as they are held in the state of partial inspiration.4

IPV is administered with the Intrapulmonary Percussiona-

tor IPV- 1 ventilator (Percussionaire. Sandpoint, Idaho) via

mouthpiece, mask, or artificial airway. Early experiences

with IPV for cystic fibrosis and chronic obstructive lung

disease demonstrated effective secretion mobilization, im-

proved atelectasis, and enhanced oxygenation. 1 IPV was

introduced in the mid-1980s as an airway clearance mo-

dality and an adjunct to standard practice with adults. It

entered pediatric practice in the 1990s. To date there have

been no safety and efficacy studies of IPV for airway

clearance in intubated and mechanically ventilated pedi-

atric patients.

Methods

We conducted 2 studies using IPV with pediatric pa-

tients. The first study was a retrospective evaluation to

determine if IPV showed any radiographic evidence of

clinical improvement of atelectasis or had adverse effects.

Positive results from the retrospective study led to a ran-

domized, controlled trial comparing the effects of IPV to

standard CPT and postural drainage. We hypothesized that

IPV would reduce atelectasis and improve static compli-

ance.

Retrospective Study

This study evaluated pediatric patients in the Rainbow

Babies and Children's Hospital pediatric intensive care

unit, rehabilitation unit, and acute care areas. We studied

patients who had radiographic evidence of atelectasis. IPV

was ordered at the physician's discretion as an alternative

to CPT. Patients receiving IPV were assigned a baseline

"atelectasis score" (Table 1 ). Atelectasis was characterized

by collapse of lung segments. Collapse was identified by

the presence of at least 1 of the following: mediastinal

shift toward the affected side, elevation of the hemidia-

phragm on the affected side, identification of the inter-

lobar fissure on the affected side, and (in most severe

cases) reduction of intercostal spaces on the affected side.

Table I. Atelectasis Scoring System

Score Description

( omplete resolution of collapse

Partial collapse ol 1 segment or lobe

Partial collapse oi : 2 segments <>r lobes

Complete collapse of I segment or lobe

Complete collapse of 2 segments or lobes

Partial collapse was defined as linear densities extending

from the mediastinum without shift, representing segmen-

tal collapse. Complete collapse was defined as presence of

mediastinal shift toward the collapse, with elevation of the

hemidiaphragm and the presence of air hronchograms on

the affected side.

Patients received IPV under the direction of a physician.

IPV was administered with a Percussionator IPV- 1 venti-

lator at frequencies ranging from 1 80-220 cycles/min and

pressures of 15-30 cm H :0. An aerosol consisting of 2.5

mg albuterol and 6 mL of normal saline solution was

nebulized with each treatment. Treatments were adminis-

tered every 4-6 h, as ordered by the physician. The du-

ration of treatment was determined by the amount of time

required for the medication to be nebulized, usually about

10 min. Atelectasis scores were obtained upon reevalua-

tion of daily chest radiographs.

Randomized Controlled Trial

The follow-up study was a prospective, randomized,

controlled comparison of CPT and IPV administered for

the treatment of atelectasis in a group of intubated and

mechanically ventilated pediatric patients. The study pro-

tocol was approved by the hospital institutional review

board, and parental consent was obtained prior to random-

ization or initiation into the study. Entry criteria included:

• Intubation and mechanical ventilation in the pe-

diatric intensive care unit

• Evidence of atelectasis on chest radiograph

• A minimum patient weight of 3 kg

We arrived at the 3 kg minimum from the retrospective

evaluation, in which 2 patients - 3 kg experienced hypo-

tension during the IPV treatments.

Excluded from the study were patients who were fe-

brile, who had secretion cultures positive for bacteria, who

had pulmonary air leak, or who had other pulmonary dis-

eases accounting for infiltrates (eg. pneumonia). Subjects

were randomized to CPT or IPV by drawing sealed enve-

lopes containing the treatment type, which created an equal

and independent chance of being selected to one or the

other treatment.3
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The experimental protocol was initiated following ran-

domization. Baseline data, including blood oxygen satu-

ration ( measured via pulse oximetry ), blood pressure, breath

sounds, and respiratory rate, were recorded before and

after each treatment. Routine daily chest radiographs were

obtained and atelectasis scores (using the ordinal radiol-

ogy score system used in the pilot study) were assigned

daily by a pediatric radiologist in consultation with a pe-

diatric intensive care physician, both blinded to the type of

treatment the patient received. All of the randomized pa-

tients were maintained on a Servo 900C ventilator (Sie-

mens. Danvers, Massachusetts) for the duration of the study.

The following ventilation parameters were maintained

during the study period: volume-controlled, synchronized

intermittent mandatory ventilation; positive end-expiratory

pressure 5 cm H
:0; tidal volume 6-10 mL/kg; and respi-

ratory frequency determined by the patient's age and un-

derlying clinical condition. Exhaled tidal volume and pla-

teau pressures were measured with a respiratory profile

monitor (C0 2
SMO Plus! Novametrix Medical Systems.

Wallingford. Connecticut), and static compliance was cal-

culated from those values, as follows:

Although bronchodilators are known to increase airway

caliber and cilia beat frequency and to enhance mucus

clearance, they were not used in this study. Bronchodila-

tors were avoided to allow objective evaluation of the

effectiveness of the therapy, without possibly confounding

results by the administration of medication. Upon initiat-

ing therapy, chest rise was observed and breath sounds

were assessed. IPV intervals lasted 20 s. followed by 5-10 s

pauses. Additional pauses were interspersed when the pa-

tient needed suctioning or during episodes of coughing.

Following both types of treatment, vital signs, treatment

variables, static compliance, and adverse reactions were

recorded. Patients exited the study when atelectasis had

resolved on chest radiograph (as indicated by an atelecta-

sis score of zero) or on extubation.

The Mann-Whitney rank sum test was used to compare

the scores from before and after treatment, and differences

were considered statistically significant when p £ 0.05.

Results

Retrospective Study

r =
V,(mL)

Pplal(cm H,0) - PEEPIcm H,0)

in which Cstat
is static compliance, VT is tidal volume, Pplat

is plateau pressure, and PEEP is positive end-expiratory

pressure. Plateau pressure was measured by depressing

and holding the inspiratory pause button on the Servo
C)00C at end inspiration.

Therapeutic Modalities

Patients randomized to conventional treatment received

CPT for 10-15 min every 4 hours, administered by a

respiratory therapist. CPT consisted of percussion, clap-

ping, and vibration over areas of atelectasis. All patients

were suctioned at the completion of each treatment.

Patients randomized to IPV received treatments every

4 h. The treatment involved removing the Servo 900C

ventilator circuit tubing from the endotracheal tube adapter

and attaching the IPV machine's tubing to the endotra-

cheal tube adapter. During IPV. patients were maintained

in the supine position. Treatment settings were determined

prior to initiation of treatment. IPV pressure settings were

set equal to the peak pressures observed during routine

mechanical ventilation (15-30 cm H 20). The frequency

was determined by adjusting the impact control knob to a

corresponding frequency that was manually counted at

180-220 cycles/min. IPV treatments were given with 6

ml. of normal saline solution and lasted 10 min.

Forty-six patients were evaluated in the retrospective

study, ranging in age from 1 month to 15 years (median

age 4.2 y). Forty-one patients (90%) received IPV treat-

ments through the artificial airway. Five patients (10%)

received IPV via mask. A significant improvement in at-

electasis score was seen (from 3 to 1. p < 0.001). The

median duration of treatment in this study was 6.2 days.

No adverse effects were detected from the IPV treatment

or from the administration of bronchodilators.

Randomized Controlled Trial

The randomized, controlled study enrolled 12 partici-

pants (5 in the CPT group. 7 in the IPV group), with ages

ranging from 7 weeks to 14 years (Table 2). The endotra-

cheal tube sizes used in the study participants ranged from

3.0 to 7.0 mm internal diameter, with 4.0 being the most

prevalent. The CPT group showed no change in atelectasis

score with treatment (p = 0.421 ), but the IPV group showed

improvement, from 2.3 to 0.9 (p = 0.026). The duration of

treatment to the resolution of atelectasis was significantly

less in the IPV group (3.1 vs 6.2 d. p = 0.018). There were

no significant differences in static compliance, saturation,

or respiratory rate with treatment. Neither group experi-

enced any adverse effects as a result of the treatments.

Discussion

A healthy individual accomplishes airway clearance

through mucociliary action and effective cough. Inherent

airway clearance mechanisms are efficient under normal
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can operate the Flutter or the Aeapella independent of a

caregiver.

HFCWC (with The Vest) is another modality that can be

performed independently; it is an acceptable alternative to

CPT and has been successfully used on mechanically ven-

tilated patients.9 IPV. a combination of PEP or Flutter and

aerosol therapy, allows chest percussion with low, tidal

volume, promoting mobilization of secretions from small

to large airways and also promoting cough. IPV via mouth-

piece, mask, or artificial airway is in its early stages of

development for pediatric patients

Studies comparing IPV. HFCWC. and CPT revealed

that IPV was as effective as traditional CPT combined

with aerosol therapy. Langenderfer compared the alterna-

tive airway clearance modalities such as HFCWC. Flutter.

PEP. and IPV to conventional CPT and concluded that

IPV and HFCWC uniquely benefited patients who can't

perform other therapies. 1 Reports of IPV for conditions

other than cystic fibrosis found radiographic improvement

in segmental atelectasis within 48 hours of initiating treat-

ment. 4 Homnick et al presented a comparative trial of IPV

versus CPT. involving 16 cystic fibrosis patients. They

concluded that IPV was as effective as CPT combined

with aerosol therapy in protecting lung function. 7

The results from our retrospective study were similar to

results from prior studies, including a clinically important

improvement in atelectasis when using IPV therapy as the

airway clearance modality. To better understand and val-

idate the clinical effects of IPV. the randomized, con-

tinued trial was conducted. Our clinical trial paralleled

other trials by comparing IPV to CPT and postural drain-

age. Chest radiographs provided objective measurements

for assessing changes in atelectasis score from baseline

and helped guide and determine the duration of therapy. In

addition we hypothesized that if atelectasis improved, lung

volume would increase and therefore static compliance

might be affected. The fact that compliance showed no

change may be explained in a variety of ways, including

the fact that simply increasing lung volume does not

necessarily change the pressure-volume characteristics

(the curve may simply be shifted upwards). Also, the ef-

fect on lung volume mav have been too small to affect

compliance.

Limitations of the randomized, controlled trial included

relative!} small sample size and a lack of control for se-

venty of illness or any other aspect of care. However, in

the CPT group, even excluding the patient who worsened

following treatment, the results would have been the same

because no patient showed improvement in atelectasis

score. On the other hand, all but 1 IPV patient showed

improvement following treatment. Though a Type I error

could have been made in concluding that there was a dif-

ference in atelectasis scores, the probability of that event

is < 1 in I. ()()t). Also, there was no difference between the

initial atelectasis scores of the CPT and IPV groups (me-

dian 2.0 vs 2.0, p = 0.530). which leads us to believe that

the 2 groups were comparable. The atelectasis score is a

subjective evaluation, which could cause some inconsis-

tency in results. However, the physicians responsible for

assigning the scores were blinded to the treatment type,

decreasing the chance of bias.

If a further study is undertaken based on our data, we

would like to know the sample size required to show a

difference in treatment effect of a given size while main-

taining a statistical power of at least 0.80. Unfortunate!)

there appears to be no power analysis procedure for com-

paring median values of ordinal data. 1"" One alternative

is to postulate that the CPT group and the IPV group have

an equal probability of showing an improved atelectasis

score after treatment (ie. the null hypothesis). We define a

clinically important change in atelectasis score as being

1.0 unit. We further hypothesize that the probability of a

score improving by at least 1.0 unit by chance is 0.50. We
can now do a power analysis for the difference between 2

proportions, assuming 2 tails, with a set at 0.05 and power

at 0.80. Our data suggest that 86% of patients treated w ith

IPV will show an improvement of at least 1.0 unit. To

detect that proportion compared to a control group in which

507c of the patients showed an improvement of 1.0 unit,

we would need to enroll 25 patients in each group. If only

\Qc/c of the control group showed improvement, we would

need to enroll only 6 patients in each group to get a power

of 0.85. Given that none of the control patients showed

any improvement in our study, the smaller sample size

might be achievable.

Conclusions

The results of this study suggest that IPV is a more

effective method of re-expanding areas of atelectasis in

ventilated patients than is conventional CPT. IPV may

achieve results in about half the number of treatment days

as CPT. with no adverse reactions. Given that both CPT
and IPV treatments last 10-15 min. we speculate that IPV

may be associated with a lower cost of care, through re-

duced labor hours.
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Accuracy of Oxygen Analyzers at Subatmospheric Concentrations

Used in Treatment of Hypoplastic Left Heart Syndrome

Timothy R Myers RRT and Robert L Chatburn RRT FAARC

INTRODUCTION: The immediate survival of infants with hypoplastic left heart syndrome depends

on success in achieving several therapeutic goals: (1) maintain patency of the ductus arteriosus, (2)

assure adequate mixing of hlood at the atrial level, and (3) establish and maintain a balance between

systemic and pulmonary hlood flow at or near unity. In accomplishing that final goal, various

ventilatory strategies have been used to alter the physiologic modifiers of pulmonary vascular

resistance and thus maintain balanced circulation, including ventilation with gas of subatmospheric

oxygen concentration. However, no data on this subject have been published in the scientific

literature, and commercial oxygen analyzers are specified for use within the range of 0.21 to 1.0

fraction of inspired oxygen (K„, J, leaving the accuracy of hypoxic gas delivery somewhat uncertain.

We evaluated the performance of oxygen analyzers below F,,, 0.21. METHODS: Two commercially

available analyzers were studied: the TED-190 (Teledyne) and the Mini-OX HI. Five new analyzers

of each model were tested. After a 2-point calibration (FIO 1 .0 and 0.2 1 ), all 5 analyzers of the same

model were simultaneously exposed to precision-blended gases at 6 different concentrations of

oxygen in nitrogen. Steady state was maintained for at least 2 min at each concentration before

readings were recorded. Calibration was verified at F I()
0.21 between each level. RESULTS: The

mean ± SD error was 0.0013 ± 0.0021 for the Mini-OX III analyzers and -0.0004 ± 0.0009 for the

Teledyne analyzers. The upper and lower limits of the 95% confidence interval were 0.39% and

-0.13% for the Mini-OX HI analyzers and 0.07% and -0.15% for the Teledyne analyzers. The

maximum difference between measured and known oxygen concentrations was 1% of full scale.

CONCLUSIONS: The Mini-OX III and the Teledyne TED-190 provide accurate and reliable Fln
readings between and 0.21 that are within the manufacturers' specifications for maximum error.

These 2 analyzers are therefore acceptable for use in delivering subamhient oxygen concentrations.

The Mini-OX III displays oxygen concentration to the nearest 0.1% and may be more appropriate

for precise control. Key wards: oxygen analyzer, subatmospheric concentration, hypoplastic left heart

syndrome. [Respir Care 2002;47(10):1 168-1 172]

Introduction

Hypoplastic left heart syndrome (HLHS) is a potentially

fatal congenita] heart defect that occurs with failure of the
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systemic or left heart structures to develop adequately.

HLHS describes a spectrum of cardiac abnormalities char-

acterized by marked hypoplasia of the left ventricle and

ascending aorta. 1 HLHS affects 0.016-0.03695 of live

births and 1.4 ,vS', of patients with congenital heart de-

fect.2 Congenital heart defect is more prevalent in males

than females, with a male predominance of60-70' fc.
3 With-

out surgical intervention, the majority of infants horn with

HLHS will die within a month of birth.
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Table 1. Oxygen Concentrations Data from TED-lon Analyzers
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Fig. 2. Mean error (as percentage of full scale) of the measured versus actual oxygen concentrations. The error bars represent the 95%
confidence intervals. The dotted lines represent the manufacturers' total error specifications.

tance can be manipulated by respiratory management in 2

ways.2*6 Strategies to increase pulmonary vascular resis-

tance involve titrating nitrogen or carbon dioxide during

mechanical ventilation. Increasing PaCO to 45-50 mm Hg7x

or decreasing P
1()

to achieve blood oxygen saturation (mea-

sured via pulse oximetry) < 80%9,10 can increase pulmo-

nary vascular resistance. This can be accomplished by

mechanical ventilation with hypoventilation or by the ad-

dition of nitrogen or carbon dioxide to the inspired gas.

Though the methodology of titrating carbon dioxide has

been studied." i: the methodology of delivering hypoxic

gas mixtures (nitrogen bleed-in) has not been as closely

scrutinized. Typically. F
i( , between 0.15 and 0.21 has

been used to manipulate pulmonary vascular resistance in

children with HLHS. A literature review of the use of

hypoxic gas mixtures found very little scientific evidence

on this subject other than a technical description of the

delivers system. Delivering hypoxic gas mixtures to me-

chanically ventilated patients has been achieved by bleed-

ing in low flows of nitrogen.

The methodology of nitrogen bleed-in often requires

various flows to achieve the appropriate oxygen dilution.

so hypoxic gas mixtures are ordered as FK) values instead

of by nitrogen flow rates. In our clinical setting. Flo in-

creases and decreases were frequently being ordered to

exact concentrations. Though F ]() in the desired range is

easily obtained through nitrogen dilution, the ability of

commercially available oxygen analyzers to accurately

monitor those concentrations was unproven. Our study

indicates that the manufacturers' specification of maxi-

mum error is easily maintained, down to ()'/< oxygen.

There are 2 potential limitations of the present study.

The first is that we evaluated brand new analyzers of each

model. All 10 of these analyzers had new fuel cells during

this bench evaluation, and because these oxygen fuel cells

deteriorate with asze. the accuracy may decrease to below

that reported in this study. Further study of aged oxygen

fuel cells is necessary.

The second potential limitation is that these analyzers

were tested at ambient atmospheric pressure (sea level).

This verifies the analyzers for applications with a hood as

the delivery system; it does not replicate the condition of

elevated pressure during mechanical ventilation. However,

assuming the mean airway pressure during mechanical ven-

tilation is < 20 cm H 20. that represents a deviation of

< 2% from sea level pressure. Both polargraphic and gal-

vanic cell analyzers measure PG ,
and display percentage of

oxygen. If the analyzers were calibrated while connected

to the ventilator, we see no theoretical reasons that they

should be any less accurate than our study indicates.

Both analyzers had less error than specified by the man-

ufacturers. This is not surprising given that we were ex-

amining a small section of the instruments' range and

thereby excluding nonlinearities that might be present over

the entire range. Though an error specification of 2'« of

full scale is common among oxygen analyzers, it does not

imply that they all will give results similar to those we

studied, particularly if the signal from the oxygen sensor is

digitized and linearized in any way before display.

An important clinical issue became evident during this

bench study. Both analyzer brands tested had a default

low-FIO ,
alarm setting of 0.15. Thus, when we needed to

use FIO , of 0.15 we had to deal with a constant nuisance

alarm. Because even minor FK) fluctuations can have a

substantial effect on patient condition, the Mini-OX III.

with readings to the nearest 0.1%, might allow for the

most precise measurement of hypoxic gas mixtures. How-

ever, we selected the Teledyne analyzer for clinical use

because the manufacturer modified the units so that the

alarm thresholds could be adjusted down to 0%. This al-

lowed us to set the low alarm threshold at 2'. less than our

delivered concentration for 0.15 and 0.16 w ithout constant

alarm.
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Conclusions

The Mini-OX III and the Teledyne TED-190 provide

Fj readings between and 0.21 that are well within the

manufacturers' specifications for maximum error. These 2

analyzers are therefore acceptable for clinical use in mea-

suring subambient concentrations of oxygen. The Mini-OX

III displays oxygen concentration to the nearest 0.1% and

ma) be more appropriate for precise control.
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Battery Duration of Portable Ventilators: Effects of Control Variable,

Positive End-Expiratory Pressure, and Inspired Oxygen Concentration

Robert S Campbell RRT FAARC, Jay A Johannigman MD (Lt Col USAF-R MC).

Riehard D Branson RRT FAARC, Paul N Austin PhD CRNA (Lt Col USAF NC),

Gina Matacia, and Gary R Banks RRT

INTRODUCTION: Portable ventilators require batten power during transport or when alternating

current is unavailable. Manufacturers report battery duration at nominal ventilator settings. METH-
ODS: We studied the effects of control variable (pressure control vs volume control), positive end-

expiratory pressure (PEEP), and fraction of inspired oxygen (F1() ) on the battery duration of 8 portable

ventilators: Achieva, HT50, iVent201, LTV 1000, TBird Advanced Ventilator System (AVS), Avian,

Uni-Vent 750, and Uni-Vent 754. Each ventilator was set to ventilate a test lung at a rate of 10

breaths/min, tidal volume of 750 mL, and inspiratory time of 1.5 s, with volume-controlled ventilation

and then pressure-controlled ventilation (PCV), if available. FIO , was set at 0.21 and then 1.0. PEEP was

set at 0, 10, and then 20 cm H,0. Test lung compliance and resistance were set at 20 mL/cm H 2 and

5 cm H,0/L/s, respectively. Five trials were performed with each portable ventilator, with each com-

bination of settings. Time to low-battery alarm, battery-empty alarm, and failure to ventilate the test

lung were recorded. Portable ventilator performance during the trials was determined by continuous

recording of tidal volume. RESULTS: The battery duration of pneumatically driven portable ventilators is

longer than that of electrically driven portable ventilators. The battery duration of pneumatically driven

portable ventilators is minimally affected by ventilator settings. The battery duration of electrically driven

portable ventilators Ls shortened by use of PCV, increasing PEEP, and increasing FHh . Compared to zero

PEEP, PEEP of 20 cm H2 reduced battery duration with HT50 (40%), LTV 1000 (37%), TBird AVS

(34% ), and Achieva ( 15% ). Compared to volume-controlled ventilation, PCV reduced battery duration wiUi

the LTVIOOO (48% ) and TBird AVS ( 18% ). Compared to Flo , of 1.0, FIO , of 0.21 reduced battery duration

with the Uni-Vent 754 (37%). Compared to F
1()i

of 0.21, Fl() , of 1.0 reduced battery duration with the

LTVIOOO (17% ) and TBird AVS (15%). The iVent201 was unable to deliver the set tidal volume with PCV

and 20 cm H,0 PEEP. Low-battery alarms functioned properly on all the ventilators. CONCLUSIONS:

Batten duration differs greatly among the portable ventilators tested. Clinicians mast be aware that portable

ventilator battery duration Ls affected by control settings, lung impedance characteristics, and portable

ventilator characteristics. Battery duration may be shorter than that reported in the operator's manual for

each portable ventilator tested. Key words: portable ventilators, mechanical respiration transportation of pa-

tients, power sources, positive pressure ventilation. [Respir Care 2002;47(10):1 173-1 183]
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Table I. Phssicul Characteristics ol the 1'oriahle Ventilators Tested

Ventilator Input Power Driving Mechanism Dimensions (cm)
Weight

(kg)

Listed Battery

Duration (hi
Battery Type

Achie\ a Electric Piston 27.3 x 33.8 x 39.6

25.4 • 50.5 • 12.7

26 x 27 x 20

35 X 24 x 29

7.62 x 25.4 x 30.5

33.02 x 36.83 x 27.94

29.2 ' I 1.4 X 22.9

22.55 • 29 21 / 11.43

Up to

v riMiin' went electricity, rcspiratoi 1000ml fraction of inspired oxygen h . 1 .5 s. positive

end-cxpiralor) pressure (PEEP H inspirator) pres no
Ai Ik .ii 1.0.1 1.0s. PEEP D m HjO. inspiratory pressure : 6 mm

urrenl eieclncit) routine-controlled ventilation i 20 biralhs/min. V 500 ml , 1.0 PEEP I

!
''>

Kiting* and load conditions

At nominal toad 800 mL FICu 0.21.1 1.5s.PEEP 5 cm H20, compliance - 50 mL/cm HjO en H2Q/1

1

Icmatii '::-, v L, peak flovs 601 min. PEEP 5 cm H2O pliancc 50 mL/cm H2 1.0 nHrO/1

K) mL. peak flon (40 L/min, PEEP 30 cm H20. compliance = 17.5 mL/cm H20, resistance ».0 cm H^Ofl

pressoi

(Adapt utuals

A\ lan



Batteri Duration oi Portabli Ventilators

Table 2. Batten Duration ol Portable Ventilators
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120
1182

Uni-Vent750 Avian Uni-Vent 754 HT50 LTV1000 Achieva

Fig. 2. Battery duration (mean of all test conditions) relative to the size of each ventilator tested.

TBird

Table 3. Batter) Duration Difference with Increase in Positive End-Expiratory Pressure
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Tabic 4. Batten Duraiicm Difference Between 1'ressure-Controlled and Volume-Controlled Ventilation

Achieva HT50 iVent201 LTV 1000 TBird AVS

Mean difference in batten duration (time

with PC\' - time with VCV I (mini

l>) Si 14.0'il +35.1 (+6.8%) -4.3 (-Sir. -36.1 (-42.7'.
i -4.5 (-18.0%)

1».^-. ii. >i hi. lude data From conditions ol pressure controlled u-miliituiii with 21
1 an H.O ['l.l.t'

PCV = pressure-controlled ventilation

VCV volume controlled ventilation

Table 5. Battery Duration Difference Between F„. of 1.0 and F„>, of 0.21

Achieva iVent201 LTYKIOO TBird AVS Uni-Veni 754

Mean difference in battery duration (time with

F, , 1.0 - time with FIO 0.21) (mini

-4.5 (-3.39! i 1.3(-2.4%) 10.8 (
- 15.(1'; ) -2.8 (-11.6%) +180.1 ( + 66.4%)

I ]( |
[taction "i inspired oxygen

was provided with an adjustable PEEP valve (Mercury

Medical. Clearwater. Florida) placed at the exhalation

valve. PEEP level was confirmed by measuring proximal

airway pressure with a calibration analyzer (RT200. Allied

Healthcare Products. St Louis. Missouri).

Each ventilator tested was up to date with respect to

preventive maintenance schedule and passed all required

pre-use calibration/verification procedures recommended

bj each manufacturer. Testing with the Achieva. HT50.

Uni-Vent 754. and TBird AVS was accomplished with the

same ventilator, based on availability. Testing with the

Avian. Uni-Vent 750. iVent201, and LTV 1000 were done

with 2 of each ventilator model, and each ventilator was

used at leasl once for each test condition.

Each ventilator battery was charged per the manufac-

turer's recommendation prior to testing. Each ventilator

was attached to the test lung and operated on AC power

for 5 min. during which all ventilator settings were set and

confirmed. Each test run was initiated by disconnecting

the AC power cord from the ventilator. Notation was made

when any indication (visual or audible alarm) was made to

signal loss of AC power. Each ventilator was monitored

continuously until inspiratory flow output ceased. Time

elapsed from initiation of test to the first low-power alarm,

subsequent alarms, and ventilator failure were recorded. A
minimum of 5 test runs were performed with each venti-

lator at each combination of test conditions.

We also evaluated the ability of each portable ventilator

to deliver the set V, as battery power diminished. During

the test with VCV and PEEP of 20 cm H,0. exhaled V

,

was continuously measured by a pneumotachograph (RSS

100. Hans Rudolph. Kansas City. Missouri) between the

test lung and breathing circuit. The electrically driven ven-

tilators were tested at F, ^ of 0.21. Pneumatically driven

portable ventilators were tested at FK) of 1.0.

Statistical analysis included analysis of variance for the

effect of PEEP and Student's t test for the effect of control

variable and FIO , when available. Differences were con-

sidered statistically significant when p was < 0.01.

Results

General

Only 3 of the ventilators (Achieva, LTV 1000. and TBird

AVS) could be tested at all test conditions. The iVent201

was tested at all conditions except the 2 conditions that

included the combination of PCV and PEEP of 20 cm
H 20, under which it was not capable of delivering the

target VT . The iVent201 alarmed and defaulted to an "open

loop" mode that would allow spontaneous breathing within

10 min at that combination of settings. The HT50 was the

only ventilator not tested with an Flo of 1.0. because it

does not have an internal blender (a pneumatic oxygen

accumulator is available). The Uni-Vent 754 was tested at

all conditions except those including PCV. which is not

available with the Uni-Vent 754. The Uni-Vent 750 and

Avian were only tested at F, of 1.0 with VCV because

these ventilators lack an internal blender, are pneumati-

cally powered, and do not offer traditional PCV.

Total Battery Duration

Table 2 shows the total battery duration of each venti-

lator at all conditions available for evaluation. All the

pneumatically driven ventilators exceeded 7 hours of total

operation on battery, with the Uni-Vent 750 lasting nearly

15 hours. Mean battery duration of the electrically driven

ventilators ranged from < 30 min (TBird AVS) to > 8

hours (HT50).
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HT50 Uni-Vent754 Avian LTV1000 Achieva TBird iVent201 Uni-Vent 750

-67

-300

Fig. 4. Greatest change in battery duration as a result of ventilator settings for each ventilator tested. The values represent the time reduction

in battery duration resulting from the worse-case scenario, calculated by the following formula: time change = time (condition with shortest

duration) - time (condition with longest duration).

Table 6. Timin« of Alarms*

HT50 iVent20l LTV1000 TBird AVS Uni-Vent 750 Uni-Vent 754Achieva Avian

Mean operation lime 27.7(20.9%) 101.3(12.1%) 196.0 (36.4%) 18.0(34.8%) 23.0(36.6%) 13.7(61.6%) 150.7(16.8%) 53.0(14.3%)

on battery when

First low-battery

alarm sounds

I mini

Mean operation time 20.4(15.4%) NA 40.8(7.6%) 12.1(23.2%) 9.7(16.1%) 7.3(32.5%) NA NA

on battery when

Final battery-

empty alarm

sounds (min)

NA = No! applicable: batterv-empt) alarm not available on ihis ventilator

•Time = min I7r I of battery life remaining at lime of alarm

fected by Fi0- setting; battery duration was 6690 longer

with FIO of 1.0 than with FIO , of 0.21. The battery dura-

tion of the other 4 ventilators was shorter with FIO of 1.0

than with FIO , of 0.21.

Effect of Combined Settings Changes. Figure 3 shows

the worst-case reduction in battery duration for each ventila-

tor, as a percentage of total batten' duration, based on the

combination of settings tested, usinc the following formula:

Worst-case battery reduction =

shortest battery duration/longest battery duration

Figure 4 shows the worst-case reduction in battery du-

ration in terms of time. Overall, the effect of ventilator

settings on battery duration was not pronounced with the

pneumatically driven ventilators: the worst-case reduction

was 10.5% with the Avian and 0.7% with the Uni-Vent

Respiratory Care • October 2002 Vol 47 No 10 179



Battery Duration of Portabi.f Vf.ntii.ators

900

800

700

J 600

g 500

O 400

^ 300

200

100

X>^^i>W^m*> HP»'«»r

Uni-Vent

754

HT50

Avian

Uni-Vent

750

Time (15 h)

Fig. 5. Measured exhaled tidal volume during the terminal battery testing for portable ventilators that operated 3 hours on battery power.

The test conditions were: volume-controlled ventilation with positive end-expiratory pressure of 20 cm H 2 for all ventilators; fraction of

inspired oxygen (F1CJ 1.0 with the Uni-Vent 750 and Avian; Flo 0.21 with the Uni-Vent 754 and HT50.

750. The Uni-Vent 754 must be considered separately, as

it performs as a pneumatically driven ventilator when set

to deliver FK) of I.O and behaves as an electrically driven

device when set to F,u of 0.2 1 . With the electrically driven

ventilators there were dramatic changes in battery duration

resulting from ventilator setting changes. Worst-case re-

duction ranged from 29.6% with the Achieva to 11.Y

A

with the LTV 1000. Typically, the worst case (shortest bat-

tery duration) was associated with the use of PCV. FICK of

1.0. and 20 cm H 2 PEEP, and the best case (longest

battery duration I was associated with VCV. FIO of 0.21,

and zero PEEP.

AVS had the shortest time to low-battery alarm, in terms

of both time (10.3 min) and percentage of total battery

duration (44'< depleted). The Avian had the longest time

to low-battery alarm in terms of both time (744.7 min) and

percentage of total battery duration (88.4% depleted I. The

TBird AVS gave the shortest warning time between final

battery-empty alarm and ventilator failure (6.7 min). The

Avian gave the final battery-empty alarm with the lowest

percentage of remaining battery power (95.29? depleted,

which was associated with 40 min of batterv power re-

maining). The Uni-Vent 750 gave the longest warning

time of impending ventilator failure ( 186 min).

\ i.i i 1 1 1 I nut lion Tidal Volume Delivery As Battery Power Diminishes

Each electrically driven ventilator gave an audible and

visual alarm to signal loss of AC power. The pneumati-

cally driven ventilators (Uni-Vent 750 and Avian) gave

only a visual indication that AC power was lost. Table 6

shows the mean batterv duration when the first low-battery

alarm sounded and the mean batterv duration when the

final battery-empty alarm sounded (if available). The TBird

Figure 5 shows the measured exhaled V, throughout the

terminal batter) testing for portable ventilators that lasted

> 3 hours during VCV with 20 cm ITO PEEP. Figure 6

show> the measured exhaled V, throughout the terminal

batterv testing for portable ventilators that lasted < 3 hours

during VCV with 20 cm H
2 PEEP. The iVent20l was the

onlv portable ventilator unable to maintain a constant VT
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Battery Duration of Portable Ventilators

Electrically driven portable ventilators use electricity

for the flow-control valves, display, alarms, microproces-

sor control board, and to create gas pressure for flow de-

livery. 1 ^" 1 Within this class we tested 3 turbine ventilators

(iVent201. LTV1000. and TBird AVS), 1 piston ventilator

(Achieva). I diaphragm pump ventilator (Uni-Vent 754 on

room air), and 1 piston pump ventilator (HT50). Each of

these can operate without a compressed gas source, but com-

pressed oxygen is necessary if F10i > 0.21 is required. Our

results suggest that turbine powered ventilators use more elec-

tricity than those that use other drive mechanisms. Different

turbine powered ventilators have different operational char-

acteristics (see Table 1 ). The LTV 1000 uses a constant-speed

turbine, and the speed is determined by the flow requirements

resulting from the ventilator settings and patient ventilation

requirements. The LTV 1000 uses solenoid valves to control

instantaneous flow output, which uses additional electricity.

The TBird AVS and iVent201 use adjustable-speed turbines

that vary the speed based on the instantaneous flow require-

ments (eg. increase during inspiration). All turbine powered

ventilators provide bias flow for triggering, which further

increases power consumption.

Ventilator settings have an important impact on the bat-

tery duration of electrically driven portable ventilators.

PEEP and PCV have the greatest effect on the battery

duration of the electrically driven ventilators. Each of the

electrically driven ventilators provide internal PEEP ad-

justment. A dedicated solenoid is required to power the

exhalation valve, which increases the battery drain as PEEP
is increased. The battery duration of turbine powered ven-

tilators is more affected by PEEP because of the higher

turbine speed required to maintain the higher PEEP. The

iVent201 was not capable of delivering the set VT with

PEEP of 20 cm H 20. However, though the delivered VT

was markedly lower than the set V r , the VT measured and

displayed by the iVent201 did accurately reflect the VT
delivered to the test lung. This ventilator would shut down

with various alarms, including "sensor failure" and "me-

chanical failure" within a few minutes at those settings

combinations. During PCV with PEEP of 20 cm H 20, the

iVent201 would enter into an "open loop" ventilation mode

that would allow spontaneous breathing. During VCV with

20 cm H
:

PEEP, the iVent201 exhibited a decreased VT

delivery when the power source was changed from AC to

battery power, and VT further decreased as battery power

diminished (see Fig. 6). The mean battery duration of the

iVent201 is probably overestimated, as battery duration at

the settings that include 20 cm H
:

PEEP are not included

and would certainly shorten the mean duration. The

iVent201 should not be used clinically with patients suf-

fering low lung compliance requiring high PEEP. The use

of PCV causes an additional drain on the batteries of elec-

trically driven ventilators because of the higher flow de-

livery requirement during early inspiration. The HT50

behaved differently than the other electrically driven ven-

tilators during PCV: the battery duration was higher with

PCV than with VCV. This may be due to an inherent flow

limitation of the HT50 and the fact that there is no flow at

the end of inspiration. The drive mechanism of the HT50
stops operating when no flow is required, whereas the

other ventilators still deliver pressure to the circuit at end-

inspiration, even though flow to the patient is zero.

The battery duration of the ventilators we studied is

minimally affected by the F, setting. With these venti-

lators (except HT50), Flo is titrated with a series of high-

pressure proportioning valves that require electricity. Test-

ing the effect ofFIO on battery duration was done only at

the extreme settings (0.21 and 1.0), and the effect of the

F IOi setting is hypothesized to be linear (ie, battery du-

ration shortens as FIO is increased) because of the more

frequent valve operation as F, is increased. Low-pres-

sure oxygen can also be bled into the ventilator or breath-

ing circuit to increase FIO , which would not affect the

battery duration but would cause less accurate control

of FIO/
The size and weight of portable ventilators are impor-

tant characteristics. Clinicians desire small, lightweight

units with long battery duration, but. in general, larger and

heavier units have the longest battery duration. An excep-

tion to that generalization is the TBird AVS. which is the

largest and heaviest ventilator tested and yet has the short-

est battery duration. Manufacturers must compromise in

designing ventilators, based on the intended application.

For example, a ventilator designed for use in the acute care

setting will probably require less battery duration, because

in that setting there are numerous electric outlets and a

backup generator within the institution. Battery use in that

setting is necessary only during brown-outs and patient

transport. The average duration of patient transport in an

acute care hospital is roughly 50-75 min. 17 Is However.

battery power is not required for the entire transport, since

the ventilator can use AC power at the transport destina-

tion. The average duration of patient transport (one way)

to the destination is 5-40 min. and the average time spent

at the destination is 35 min. 18 ' 1 ' The average duration of

interhospital patient transport is 4 hours and 23 min.20

Although it has not been specifically reported, the average

time spent moving the patient from bed to transport vehi-

cle (eg. ambulance or helicopter) is probably similar to

that experienced during intrahospital transport (10—10

min). The main difference is that a limited supply of com-

pressed gas and electricity are available when ventilating

the patient in the transport vehicle. 21 :: Portable ventilators

for ventilator-dependent patients outside the acute care

setting require longer battery duration. Extended battery

duration in that setting may improve the patient's quality

of life. Many of the portable ventilators we tested have

optional direct current power converters and external bat-
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lories that would extend their duration of use on battery

power. Our testing was limited to internal batteries only.

Most portable ventilators use sealed lead acid batteries

because they are durable, inexpensive, do not exhibit volt-

age memory, and function safely independent of position.

Their duration of use depends on their capacity (size) and

the load placed on them. Energy provided by sealed lead

acid batteries is not finite. For example, a 100 amp-hour

battery rated at 20 hours implies that 100 amp-hours are

available for 20 hours. Using a load of 5 amp/h will result

in a battery duration of 20 hours (20 X 5 = 100 amp-

hours). At higher loads, however, the number of amp-

hours available from the battery decreases. If the battery

mentioned above is drawn down over 1 hour there would

only be 59 amp-hours available (decreased capacity with

increased load).

Limitations of the present study include the fact that, in

general, only one of each device was tested. Although we

observed minimal variation (< 5% total battery duration)

between like models of portable ventilators used in this

study (Avian. Uni-Vent 750. iVent201. and LTV 1000). it

was not a primary end point and our test methods were not

designed to evaluate this variability. Testing was performed

in the laboratory setting; the battery duration of each de-

vice will probably be shorter in clinical use. One reason

for this is that to conserve battery power portable ventila-

tors shut down the monitor display after a few minutes of

no activity. We allowed each ventilator's monitor to re-

main idle during the test period. Also, room temperature

was constant (24° C) during all testing, and each ventilator

was placed on a stand or tabletop during testing. In clinical

use the operating temperature is likely to be higher if the

device is placed in the bed with the patient and air flow

around the ventilator (and. thus, heat dissipation) is limited

by close proximity to pillows, sheets, and other equipment.

Conclusions

Battery duration is an important characteristic of porta-

ble ventilators. Clinicians should be aware of the battery

duration characteristics of any ventilator they use and should

recognize that the battery duration may be substantially

shorter than that listed in the operator's manual. The larg-

est deviation from the manufacturer-specified battery dura-

tion was 67^ shorter battery duration, due to the ventilator

settings and lung impedance conditions. A self-inflating,

manual resuscitator should be a mandatory and standard

piece of equipment accompanying any mechanically venti-

lated patient during transport, in case of ventilator malfunc-

tion.
7 Know ledge of battery duration characteristics and the

effects of various ventilator settings may facilitate avoid-

ance of equipment failure and adverse outcomes.
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Discussion

PROBLEM/CONDITION: Chronic obstructive pulmonary disease (COPD) includes chronic bron-

chitis and emphysema but has been defined recently as the physiologic finding of nonreversible

pulmonary function impairment. This surveillance summary reports trends in different measures

of COPD during 1971-2000. REPORTING PERIOD COVERED: This report presents national

data regarding objectively determined COPD (1971-1994); COPD-associated activity and func-

tional limitations (1980-1996); self-reported COPD prevalence, COPD physician office and hospital

outpatient department visits, COPD hospitalizations, and COPD deaths (1980-2000); and COPD
emergency department visits ( 1992-2000). DESCRIPTION OF SYSTEMS: The Centers for Disease

Control's National Center for Health Statistics conducts the National Health Interview Survey

annually, which includes questions concerning COPD and activity limitations. The National Center

for Health Statistics collects physician office-visit data in the National Ambulatory Medical Care

Survey, emergency department and hospital outpatient department data in the National Hospital

Ambulatory Medical Care Survey, hospitalization data in the National Hospital Discharge Survey,

and death data in the Mortality Component of the National Vital Statistics System. Data regarding

pulmonary function were obtained from the National Health and Nutrition Examination Surveys

(NHANES) I (1971-1975) and III (1988-1994), and data regarding functional limitation were

obtained from NHANES III. Phase 2 (1991-1994). RESULTS: During 2000, an estimated 10 million

U.S. adults reported physician-diagnosed COPD. However, data from NHANES III estimate that

approximately 24 million United States adults have evidence of impaired lung function, indicating

that COPD is underdiagnosed. During 2000, COPD was responsible for 8 million physician office

and hospital outpatient visits, 1.5 million emergency department visits, 726.000 hospitalizations, and
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119,<MM1 deaths. During the period analyzed, the most substantial change was the increase in the COPD
death rate for women, from 20.1/100,000 in 1980 to 56.7/100,000 in 2000, compared with the more

modest increase in the death rate for men, from 73.0/IOO.OOO in 1980 to 82.6/100,000 in 2000. In 2000.

for the first time, the number of women dying from COI'I) surpassed the number of men dying from

COI'I) (59,936 \s 59,1 18). Another substantial change observed is that the proportion of the population

aged < 55 years with mild or moderate COI'I), on the basis of pulmonary, function testing, decreased

from 1971-1975 to 1988-1994, possibly indicating that the upward trends in COI'I) hospitalizations and

mortality might not continue. INTERPRETATION: COPD is a major cause of morbidity, mortality,

and disability in the l.S. Despite its ease of diagnosis, COI'I) remains an underdiagnosed disease, chiefly

in its milder and more treatable form. Key words: chronic obstructive pulmonary disease, COI'I), bron-

chitis, emphysema, pulmonary, survey. | Rcspii' Care 20()2:47( !()):! 184-1 199]

Introduction

Chronic obstructive pulmonary disease (COPD) is a

group of diseases eharacterized by air flow obstruction

that can be associated with breathing-related symptoms

leg. chronic cough, exertional dyspnea, expectoration, and

wheeze). 1 COPD can be present with or without substan-

tial physical impairment or symptoms, and it is the fourth

leading cause of death in the United States. 2 However.

COPD is often a silent and unrecognized disease, chiefly

in its early phases.' During 1993. the estimated direct

medical costs of COPD were $14.7 billion. 4 Also during

1993. the estimated indirect cost related to morbidity

(eg. loss of work time and productivity) and premature

mortality was an additional S9.2 billion, for a total of

$23.9 billion. Healthy People 2010 includes 2 objec-

tives related to COPD: to reduce the proportion of adults
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whose activity is limited because of chronic lung and

breathing problems to 1.595 (Objective 24-9) and to

reduce deaths from COPD among adults aged S: 45

years to 60 deaths/ 1 ()().()()() (Object 24-10). s

See the Related Editorial on Page 1 148

Traditionally. COPD has been diagnosed on the basis of

patient-reported symptoms.6 -7 The recently published def-

inition from the Global Initiative for Chronic Obstructive

Lung Disease (GOLD) has classified COPD as "a disease

state characterized by air flow limitation that is not fully

reversible'"8 and recommends measurement of lung func-

tion both to diagnose disease and categorize disease

severity. Air flow limitation is the slowing of expiratory

air flow as measured by spirometry, with a persistently

low forced expiratory volume in the first second (FEV,

)

and a low FEV,/forced vital capacity (FVC) ratio de-

spite treatment. 7 The GOLD criteria for mild COPD
(stage 1) is an FEV,/FVC ratio of < 709S and FEV,

of > 80% predicted, and the criteria for moderate COPD
(stage 2 or 3) is an FEV,/FVC ratio of < 70'i and an

FEV, < 80% predicted. s "

This report presents national data regarding objectively

determined (ie.hy spirometry) COPD ( 1971 -l994):COPD-

associated activity and functional limitations ( 1980-1996);

self-reported COPD prevalence. COPD physician office

and hospital outpatient department visits. COPD hospital-

izations, and COPD deaths (1980 2000); and COPD emer-

gency department visits (1992-2000).

Methods

For this report, we defined COPD as including chronic

bronchitis and emphy sema w hen we used sun ej data based

on clinical diagnosis. In doing so. asthma and bronchiec-

tasis were excluded, but thej are often included in other

definitions of COPD and related conditions. Asthma was

excluded because its etiology and treaimcnt differs from
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that forCOPD, although clinical similarities exist between

these conditions. Centers for Disease Control (CDC) re-

cently published surveillance data for asthma. 1 " Bronchi-

ectasis was excluded because it typically is caused by

infection and has a different treatment and prognosis than

COPD.

Data from national health surveys conducted by CDC's

National Center for Health Statistics (NCHS) were used to

report these measures. In addition, the resident population

estimates from the U.S. Bureau of the Census were used as

denominators for rates ofCOPD office visits. COPD emer-

gency department visits, COPD hospitalizations, and COPD
deaths. These denominators vary slightly from those typ-

ically used with these databases because we wanted a con-

sistent denominator for these measures. The National Health

and Nutrition Examination Surveys (NHANES) and Na-

tional Health Interview Survey (NHIS) weights (corre-

sponding to the civilian, noninstitutionalized population of

the U.S.) were used to estimate the population when those

data sets were analyzed. When calculating rates that used

pulmonary function data, we limited the denominator to

subjects who had pulmonary function testing (PFT) per-

formed. In the tables for this report, annual estimates are

listed for selected years (1980, 1985. 1990, and 1995-

2000); in the figures, annual estimates are listed for 1980-

2000 for the majority of measures. Measures that were

only available for limited years included: (1) activity lim-

itation, for which years are grouped because the denomi-

nator (persons with COPD) was smaller; (2) objectively

determined COPD, for which 2 samples ( 1971-1975 and

1988-1994) were available; and (3) functional limitation,

for which 1 sample (1991-1994) was available.

Our results were age-adjusted to the 2000 U.S. popula-

tion by using 5 age groups (ie, 25-44 years, 45-54 years.

55-64 years, 65-74 years, and > 75 years). Data were

stratified by sex, race (ie, white, black, and other), and age

group (ie. 25-44 years. 45-54 years, 55-64 years, 65-74

years, and S: 75 years) for subgroup analyses. Persons of

other races (eg. Asians and American Indians ) were grouped

together because their numbers in individual racial groups

were too limited to yield statistically stable estimates. We
analyzed all data by using SAS '

' and SUDAAN software.

'

2

Two-tailed, weighted, least squares regression (by using

the inverse of the relative standard error of the estimate as

the weight) was used to determine whether linear trends

were statistically significant. Trend testing was performed

only when s 5 years of continuous data were available for

analysis. Two-tailed / tests were used to compare measures

between racial groups, age groups, and males and females.

By using the Bonferroni adjustment for multiple compar-

ison among ^ 5 groups, we considered a lamilywide

p value of ^ 0.05 as statistically significant.

Sell-Reported Prevalence

The National Center for Health Statistics conducts NHIS
annually among a probability sample of the civilian, non-

institutionalized population of the U.S. 11 Before 1997. for

one sixth of the NHIS-sampled households (approximately

20.000 of 120.000 persons), respondents were asked

whether anyone in the household had any of 17 chronic

respiratory conditions, including chronic bronchitis or em-

physema, during the preceding 12 months. Under this de-

sign, information related to COPD among adults might have

been reported by the respondents themselves or by a house-

hold respondent. A COPD diagnosis was determined if the

response was positive to either of the following questions:

"During the past 12 months did |you] have bronchitis." if the

condition was listed as chronic, or "During the past 12 months

did [you] have emphysema?"

Beginning in 1997. NHIS collected information con-

cerning COPD for a randomly selected adult in each house-

hold. COPD prevalence was determined if participants re-

sponded positively to either of the following questions:

"Have you ever been told by a doctor or other health

professional that you had emphysema." or "During the

past 1 2 months, have you been told by a doctor or other

health professional that you had chronic bronchitis'1". 11

NHANES III was conducted during 1988-1994.' 2 Sub-

jects were asked, "Has a doctor ever told you that you had

chronic bronchitis"; "Has a doctor ever told you that you

had emphysema"; and "Do you still have chronic bronchi-

tis?" Subjects were regarded as having COPD if they re-

ported a diagnosis of emphysema or current chronic bron-

chitis. SUDAAN was used to determine relative standard

errors (RSEs) of the estimates and to indicate which esti-

mates were reliable (ie, RSE < 30%). u

Objectively Determined Prevalence

During 1971-1975. NCHS conducted the first National

Health and Nutrition Examination Survey (NHANES [)-
15,16

Both NHANES 1 and NHANES III were probability sam-

ples of the civilian, noninstitutionalized U.S. population.

Spirometry was obtained on a subset of survey participants

(5.080 adults in NHANES I and 13.869 adults in NHANES
III). The procedures used have been documented previ-

ously. 1 : • lh Values used in this anal) sis included FVC. FEV ,

.

and the FEV,/FVC ratio. Predicted values of FEV, and

FVC were identified by performing linear regression (strat-

ified by sex and by using age and height as predictors i on

a subgroup of participants who were white and who had

never smoked and did not report respiratory symptoms or

physician-diagnosed lung disease. Results from these re-

gression models were applied to the data from all partic-

ipants to obtain predicted values of FEV, and FVC. An
adjustment factor of 0.88 was used to estimate predicted
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values for black participants. 17 Participants were classified

as having moderate obstructive lung disease if both the

FEV,/FVC ratio was < 70% and the FEV, was < 80% of

the predicted value." Participants were classified as having

mild obstructive lung disease if the FEV,/FVC ratio

was < 70% and the FEV, was > 80% of the predicted

value.

Activity and Functional Limitations

Through 1996, NHIS provided data related to activity

limitations overall and resulting from specific conditions.

Activity limitations were classified into I of 4 groups:

unable to perform major activity; certain limitation in ma-

jor activity: limitation in other activities; or no activity was

limited. Major activity was defined as working or keeping

house for adults aged 18-69 years, and ability to execute

activities of independent living for those aged a 70 years.

The percentage of persons with and without COPD who

reported activity limitation (including unable to perform

major activities, limited in major activities, and limited in

other activities) was calculated for all adults aged > 25

years. The percentage of persons who reported having

COPD and who also reported COPD-associated activity

limitation was also calculated. Respondents were catego-

rized as limited because of COPD if they reported that

COPD was the primary or secondary cause of the limita-

tion. Because of the relatively low number of persons

reporting limited activity, multiple years of data were used

to obtain stable estimates.

Data from NHANES III. Phase 2 (1991-1994), were

used to determine physical functional limitation. During

the home interview, participants aged & 17 years were

asked a series of questions regarding their physical func-

tioning. From these questions, the following 3 items were

selected: difficulty walking Va mile; lifting or carrying

something weighing 10 pounds; and need of help from

other persons in handling routine tasks (eg, doing every-

day household chores, conducting necessary business,

shopping, or getting around for other purposes). For the

first 2 items (difficulty walking or lifting), respondents

could answer "no difficulty." "some difficulty." "much

difficulty." and "unable to do." These responses were di-

chotomized into no difficulty and any difficulty. For the

last item (handling routine needs), respondents could re-

spond yes or no. The age-adjusted proportion of functional

limitation among participants with current reported COPD
(chronic bronchitis or emphysema) and no reported COPD
were identified.

1 and this was repeated for the same group

of participants stratified by level of pulmonary function

impairment. SUDAAN was used to determine RSEs of the

estimates. 14

Physician Office Visits, Hospital Outpatient

Department Visits, and Emergency Department Visits

Ambulatory medical care is the predominant means of

providing health care services in the U.S. We considered

both physician office visits and hospital outpatient depart-

ment visits, which are collected, by using different sur-

veys, as office visits and emergency department visits sep-

arately. Physician office-visit data were collected through

the National Ambulatory Medical Care Survey (NAMCS).

which NCHS conducted during 1973-1981, 1985. and an-

nually since 1989. 18 Approximately 2,000 physicians par-

ticipated each year, reporting data concerning approxi-

mately 30.000 patient encounters. Hospital outpatient-visit

data and emergency department-visit data were collected

by using the National Hospital Ambulatory Medical Care

Survey (NHAMCS), which has been conducted annually

since 1992. I9 Approximately 500 hospitals are sampled

each year, resulting in approximately 30.000 outpatient

department encounters and 30,000 emergency department

encounters.

By using both data sets, we identified all patient visits

for which COPD (International Classification of Diseases,

9th revision. Clinical Modification (ICD-9-CM). codes

490-492, 496) :" was the first-listed diagnosis. Sample

weights were used to obtain national estimates of annual

outpatient visits (physician office and hospital outpatient

department visits were combined beginning in 1992) and

emergency department visits for COPD. RSEs. which are

listed with the database documentation, were used to de-

termine which estimates were reliable (ie. RSE < 30'-
I.

'

Hospitalizations

The National Hospital Discharge Survey (NHDS). con-

ducted annually by NCHS since 1965, is a national survey

of approximately 275,000 patient records from approxi-

mately 500 nonfederal general and short-stay specialty

hospitals. A hospitalization for COPD was defined as a

primary discharge diagnosis of COPD (ICD-9-CM codes

490-492. 496). 20 In addition, a hospitalization was con-

sidered as a result of COPD if it had a first-listed diagnosis

of acute bronchitis (ICD-9-CM code 466-466.1) accom-

panied by another listed diagnosis of COPD. During 1 980-

1982. approximately l57-247r of all first-listed diagnoses

of acute bronchitis were accompanied by another listed

diagnosis of COPD (chronic bronchitis, emphysema, or

COPD not specified): however, during 1983-1991. this

proportion ranged from 397 to 587,. During 1992. a new

ICD-9-CM code. 491.21. was introduced to categorize ob-

structive chronic bronchitis with acute exacerbation. After

the introduction of this new code. 37r-10%- of all lust-

listed diagnoses of acute bronchitis were accompanied hv
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I 1 stimated Numbei oi Persons With Self-Reported. Lifetime Emphysema or Chrome Bronchitis During the Preceding 12 Months (1980-

1996) or Sell Reponed. Physician Diagnosed Lifetime Emphysema oi Chronic Bronchitis During the Preceding 12 Months (1997 .'nun

b) R.iee. Sex, .unl Age Group United States, National Health Interview Survey, 1980-2000*

Variable
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Table 3. Estimated Number of Persons with Evidence of Either Mild or Moderate Obstructive Lung Disease, by Race, Sex. and Age

Group—United States. National Health and Nutrition Examination Surveys I. 1971-1975, and III. 1988-1994*

Variable

Mild Obstructive Lung Disease

(FEV,/FVCt < 70% and FEV. > 80% Predicted)

1971-1975 1988-1994

Moderate Obstructive Lung Disease

(FEV,/FVC < 70% and FEV, < 80% Predicted)

1971-1975 1988-1994

Race

White

Black

Othei

Sex

Male

Female

Age group tyl

25^4

45-54

55-64

65-74

a 75

5.626. I

814.000

3.668.000

2,823,000

1 .989,000

1,737.000

1.637.000

1 . 1 28.000

10.750,000

843.000

455,0001

7.181.

4,867,000

2,890.000

2,095,000

2.503.000

2.760,000

1.801.000

6.130.OOII

635.000

—

§

4.453.000

2.357.000

1.800.0(H)

1.672.000

1 .870,000

1.468.000

10.882.000

893.000

317.0001

6.401.000

5.691.000

1.799,000

1.741.000

2.786.000

3.447.000

2.318.000

Totalf* 6.491.000 1.049.000

All relative standard emus arc 30%, unless otherwise indicated,

tFEV| is the forced expiratory volume in Ihe first second, and FVC is Ihe forced vital capacity

§Reiative standard cnur o\ ihe estimate exceeds sic;

^Relative standard error of the estimate is \09 sir, the estimate is unreliable

'Numbers for each variable might not add to total because ol rounding error.

6.810.000 12,092.000

Table 4. Estimated Prevalence* of Either Mild or Moderate Obstructive Lung Disease, by Race. Sex. and Age Group—United States. National

Health and Nutrition Examination Surveys I, 1971-1975, and III. 1988-1994+

Variable

Mild Obstructive Lung Disease

(FEV,/FVC§ < 70% and FEV, > 80% Predicted)

1971 ITS
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Table S. Average Annual Percentage ol Persons Who Report Being Employed, hy Self-Reported Chronic Obstructive Pulmonary Disease (COPI)i

Status and Percentage With Activity Limitation, b) Self-Reported COPD Status; Adults Aged - 2? years Untied States, National

Health Interview Survey, I980-I996*t

Variable

Adults who report being employed (%)

Adults «iih self-reported COPD
Adults «uhout self-reported coi'D

Adults with any actiuly limitation (%)

Adults with self-reported COPD
Adults without sell-reported COPD

Adults with COPD who reported COPD associated

activity limitation {%)

All

1980-1982



Table 7.

Chronic Obstructive Pulmonary Dim asi Si km hi wn

—

United States, 1971-2000

Estimated Annual Numbei oi Physician Office Visits 1 1980- 1998) .end Hospital Outpatient Visits i 1995-1998) tor Chronic Obstructive

Pulmonar) Disease as the First-Listed Diagnosis, bj Race, Sex, and Age Group—United States. National Ambulator) Medical Care

Surve>. 1980-2000, and National IK.spn.il Vmbulatorj Medical Care Survey, 1995-2000

Variable
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1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000

Year

Fig. 4. Estimated annual rate of office visits with chronic obstruc-

tive pulmonary disease (COPD) as the first-listed diagnosis, by

year, United States, from the National Ambulatory Medical Care

Survey. 1980-1998. and National Hospital Ambulatory Medical

Care Survey. 1992-2000. ' Age-adjusted to 2000 U.S. population.

Deaths

During 1980-2000, the overall death rate for COPD
increased blck (Tables 13 and 14). During this period,

rates among whites increased 67%, and rates among blacks

increased 879r. However, deaths rates for whites remained

higher than those for blacks throughout the 21 -year period.

During 1980-2000. death rates for COPD among men

increased 13%; however, death rates among men remained

steady since L985. During 1980-2000. death rates for

COPD among women approximately tripled and increased

steadily throughout the period (Fig. 8). During 2000. the

number of women who died from COPD was. for the first

time, higher than the number ofmen who died from COPD.
During 1999 2000. death rates for COPD were higher,

compared with 1998. Because the comparability ratio for

coding COPD under ICD-10 compared with ICD-9 is > 1.

which results in a higher number of COPD deaths under

ICD-10. increases observed for 1999 reflect in part the

impact of a new disease classification system.

Discussion

These data identified certain trends in COPD-related

morbidity and mortality in the U.S. First, COPD-related

deaths among women continued to increase. By 2000. the

number ofCOPD deaths among women surpassed the num-

ber among men. although the population-based mortality

rates remain higher among men. Second, since 1989. COPD
hospitalizations have also increased, combined with an

elimination of the difference in hospitalization rates be-

tween men and women. Third, the proportion of the pop-

ulation aged < 55 years with mild or moderate COPD, on

the basis of PFT, decreased from 1971-1975 to 1988-

1994, whereas this proportion did not change substantially

among other age groups.

The increasing trends in COPD hospitalizations and mor-

tality among women reported here probably reflect the in-

crease in smoking by women since the 1940s, relative to

men. in the U.S. 27 The natural history of COPD among smok-

ers is that smoking behaviors start during youth, lung func-

tion decline becomes apparent when smokers reach age 40-50

Table 9. Estimated Annual Number of Emergency Department Visits for Chronic Obstructive Pulmonary Disease as the First-Listed Diagnosis, by

Race. Se\. and Age Group—United States. National Hospital Ambulatory Medical Care Survey. 1992-2000*

Variable
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Table Hi. Estimated Annual Rate* oi Emergency Department Visits With Chronic Obstructive Pulmonarj Disease .is the First-Listed Diagnosis

In Race, Sex, and Age Group United Stales. National Hospital Ambulatory Medical Care Survey. 1992 2000f

Variable
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Table 1 1. Estimated Annual Number of Hospitalizations for Chronic Obstructive Pulmonarj Disease, Stratified hy Race. Sex. and Age Group

—

United States. National Hospital Discharge Survey. 1980-2000*

Variable 1980 I9KS 1990 1995 1996 1997 I99S 1999

Race



Chronic Obstructive Pulmonary Disease Surveillance—Unitfd States, 1971 2000

1994 1996 1998 2000

Fig. 6. Estimated annual rate of hospitalizations with chronic ob-

structive pulmonary disease (COPD) as the first-listed diagnosis

by sex and year. United States, from the National Hospital Dis-

charge Survey. 1980-2000. ' Age-adjusted to 2000 U.S. popula-

tion. * Represents a statistically significant difference from rate

among females.

O 30oo

S 20
to

tr

t

. t t



Table 14.

Chronic Obstructive Pulmonary Disease Surveillance—United States. 1971-2000

Annual Rates for Deaths \N ith Chronic Obstructive Pulmonary Disease as (he Underlying Cause ol Death. Slralified by Raee. Sex. and

Age Group—United States. Mortality Component of the National Vital Statistics System, 1980 2000t

Variable
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The greatest challenge in COPD surveillance is related

to the case definition for COPD. If one assumes that per-

sons with moderate obstructive lung disease have clini-

cally significant COPD. using chronic bronchitis in addi-

tion to emphysema to define COPD in surveys probably

overestimates COPD among younger populations and un-

derestimates it among older ones (Fig. 1 ). Although the

term COPD is increasingly being used by both patients

and physicians, it is not typically used in health surveys. In

addition, depending on physician diagnosis is problematic

because COPD is frequently silent and, in the absence of

spirometry, often undiagnosed. 1 Even using spirometry, as

in NHANES I and III. might result in the misclassification

of conditions among certain persons who have short-term

reversibility in their airway obstruction, because revers-

ibility testing has not been done in national surveys in the

U.S. Finally, although we did not include asthma in this

report, asthma and COPD can coexist and can be difficult

to differentiate, chiefly among older populations. 3

The continuing increase in COPD hospitalizations among

men and women and the increase in COPD deaths among

women is problematic and highlights the need for both

clinical and public health interventions. Conversely, the

decrease in COPD. as determined by PFT. among persons

aged < 55 years, might indicate that tobacco-control ef-

forts and other efforts to improve respiratory protection in

recent years might be having a positive effect that will

ultimately result in less COPD morbidity and mortality.
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Evaluating a New
Blood (Jas Sensor

Evaluating a new measuring device thai

promises benefits over an older device poses

some interesting problems. We can com-

pare measurements made with the new de-

vice to known values and determine its ac-

curacy. Alternatively, we can compare the

new device to an older device whose accu-

racj is assumed and determine it the new

one will be a suitable replacement. The study

designs and data analyses are similar in both

cases. However, there are important under-

ly nig philosophical issues that are often con-

fused. As a result, there is a tendency for

authors to "go through the motions" of ac-

ceptable statistical analysis while missing

the point in their conclusions. A recent ar-

ticle in Respiratory Care illustrates this.
1

Meyers et al evaluated a continuous in-

travascular blood gas sensor (Neotrend. Dia-

metrics Medical. Palo Alto. California) to

determine if it ".
. . would produce clini-

cally acceptable bias and precision in com-

parison to laboratory values. ... "' Sensor

measurements were compared with arterial

blood gas measurements made with a stan-

dard laboratory analyzer. The differences

between sensor and laboratory values

were used to calculate bias and precision, as

suggested by Bland and Altman. 2 The au-

thors then concluded that the device was

"accurate."

The study is well done and the authors

are to be congratulated for conducting a use-

ful study and using the appropriate data anal-

ysis. But there are 2 problems with their

conclusion. First, studies of accuracy, by

definition, require that measured values be

compared to sonic type <.<\ accepted stan-

dard values.3 '' The accepted standard for

blood gas measurement is whole blood,

tonometered to specific values, using preci-

sion gas mixtures. In contrast. Meyers et al

compared measured values from the intra-

vascular sensor with values from a standard

laboratory analyzer. The values from the

laboratory analy/er are, strictly speaking. not

the trtie values, because we know there are

measurement errors. That is why the Bland-

Airman plois of the data show the mean

value oi each data pair along the horizontal

avis; we don't know which one of the pair

is the true value, so our best guess is the

average of the two.2 The method used in

the Meyers et al study is appropriate for

the evaluation of agreement between 2

methods, not for determining the accu-

racy of a new device. Bland and Airman

never even mentioned the terms accuracy

and precision. 2

The idea behind evaluating agreement is

to estimate the systematic error by calculat-

ing the mean difference between the new

device and the conventional device. Then

the random error is expressed as the stan-

dard deviation of the differences. The re-

sultant total error or "limits of agreement"

are then calculated as the mean difference ±
2 standard deviations. In other words. 95%
of all future measurements with the new

device should agree with the standard de-

vice by being within those limits. If the lim-

its are small enough, we may conclude that

the new device can be used in place of the

standard device, with no effect on the qual-

ity of care.

Though my first objection to the study's

conclusion may be splitting hairs, the sec-

ond is more problematic because it could

adversely affect patient outcomes. Meyers

et al set out to determine if the intravascular

blood gas sensor would produce "clinically

acceptable" results. However, they never

defined what clinically acceptable means.

How large would the limits of agreement

have to he to reject the device as clinically

unacceptable?

As explained in detail elsewhere,5 accept-

able differences between new and conven-

tional measurements must be established a

priori. These standards can be derived in a

number of ways, but essentially one must

decide if the expected difference will be of

clinical importance (ic. that the clinical de-

cision might differ depending on which in-

strument was used for the measurement).

For example, in our blood gas laboratory

the maximum acceptable difference in P,

,

values on a split sample measured on 2 sun

ilar machines is 7 mm Hg. Thus, it would

be reasonable for our lab to demand that

any new device provide individual measure-

ments whose limits ^\ agreement are at

most ± 7 mm Hg. to preserve our standard

of care. This type o\ reasoning has been

used in oilier studies of similar devices

Meyers et al found that the worst-ease

expected difference between the intravas-

cular sensor and the laboratory values (ie,

bias minus 2 standard deviations) was as

follows:

pH: -0.06

PoCO : -1 1 mm Hg

P,o,: -31 mm Hg

with the negative sign indicating that the

sensor value is larger than the laboratory

value (because the limits were calculated as

laboratory value minus sensor value).

The question that Meyers et al should

have addressed in their conclusion is whether

such differences are clinically acceptable.

They could have simply said that, in their

opinion, differences between laboratory and

sensor values of 0.06 units for pH. 1 1 mm
Hg for PaC0 . and 31 mm Hg for Pa0, are

acceptable, and anything higher is not. They

did not do that. Instead they stated that

".
. . data from the Neotrend sensor fall

within the accuracy range required for dis-

crete blood gas analyzers." This statement

is unexplained, unreferenced, and. in my
opinion, misleading. As I suggested earlier,

split sample results run on identical blood

gas analyzers show less difference. Section

493.1213(b) of the Clinical Laboratory Im-

provement Amendments of I9SS (CLIA)

standards states: "Although no specific-

guidelines exist for verifying a test method,

each laboratory is responsible for determin-

ing the performance characteristics of lis

own methods, , . verification may he accom-

plished by comparison of splil sample re-

sults with results obtained from a method

thai has been shown to provide clinical!)

valid results." Since the College of Ameri-

can Pathologists guidelines for blood gas

laboratories recommend spin sample test-

ing among similar analyzers as an ongoing

quality control measure, laboratories ap-

proved by the College of American Pathol-

ogists should already have the type of agree-

ment data necessary to make such

comparisons. These are the criteria each lab

should use in determining u hether to accept

new technology. Proficiency testing stan-

dards mentioned in CLIA are not really ap-

propriate, because they were meant for com-

paring a laboratory's performance with 10

or more refereed laboratories There are

more sources of error between laboratories
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Letters to the Editor

Repeated computer simulations give sim-

ilar results. Thus it is reasonable to con-

clude that using the intravascular sensor

in plaee of conventional laboratory anal-

ysis would result in unnecessary ventila-

toi changes 5<
, o( the time and thus change

the standard of care. When you consider

the number of ventilator changes made

per month in a large nursery. 5% seems

like a lot ot wasted time. Whether those

ventilator changes would affect patient

outcomes is pure speculation, but we can

say for sure that it would cost more in

terms of labor hours per ventilator day.

Not surprisingly, as the differences be-

tween the laboratory values and sensor val-

ues become smaller (ie. smaller bias and

precision for pH. PuCO ,. and Pa0 ,). the dif-

ference in clinical decisions becomes

smaller. In fact, you can easily adjust the

bias and precision values in the spreadsheet

until the difference in percentage of Yes an-

swers is acceptable. When bias and impre-

cision are set to zero, there is no longer any

difference in the percentage of Yes answers.

This may be a useful procedure for setting

acceptable limits of agreement a priori.

Though you still end up with an arbitrary

threshold, at least it has a more obvious

clinical relevance. The moral of the story is

that, if there is any difference between old

and new devices, there will always be some

effect on clinical decision-making.

It is easy to be seduced by the conve-

nience and speed of bedside measurement

devices, especially when they offer other

advantages such as reduced blood loss. But

if we sacrifice scientifically based decisions

for such assumed benefits, we may pay hid-

den costs in the long run. If we accept less

precise blood gas measurements, our venti-

lator and drug therapy decisions will be less

precise and hence might increase costs and

length of stay and might affect outcomes, it

seems to me that it would be a lot more

practical to avoid this possibility by main-

taining accuracy standards now than to try

to prose in the future that reducing stan-

dards does no harm.

Robert L Chatburn RRT FAARC
Department of Respiratory Care

University Hospitals of Cleveland

Cleveland, Ohio
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The authors respond:

We read with interest and thank Mr Chat-

bum for his comments regarding our recent

study. 1 The crux of the matter is his con-

tention that the continuous measurement

technique we describe may provide mislead-

ing information that could result in unnec-

essary or incorrect ventilator changes. He

bases that conclusion on hypothetical ex-

amples of possible patient situations. The

exercise is interesting, but we disagree with

the conclusions drawn. He also comments

on the analysis techniques used and dis-

cusses what "clinicallj acceptable" really

means.

First we are taken to task for our use of

the term "accurate," and Mr Chatburn sug-

gests we "go through the motions of accept-

able statistical analysis while missing the

point." Clinical trials are difficult and lime-

consuming to perform. To suggest we would

design a (rial only to "go through the mo-

tions of acceptable statistical analysis" im-

plies either that we did not know the correct

analysis to perform or that we did not care

Neither arc true. We used the tiland-All-

man technique precisely because ol its ap-

propriateness for this type ol stud\. as a

number i\\ other authors ha\e done.- '' We
used the term "accurate" in discussing our

findings. We did not compare the sensor in

vitro to tonometered gas specimens. We did.

however, compare our measured values to a

widely used and \ahdated clinical labora-

tory analyzer that is generally accepted as

producing "accurate" values, even though

exact agreement between laboratory analyz-

ers and tonometered specimens is neither

found nor expected. As Mr Chatburn points

out. we show agreement betw een the 2 meth-

ods as opposed to "accuracy" per se. Is this

accurate enough'.' We believe the readers can

evaluate our work, as well as that performed

by others, and draw their own conclusion.

Regarding CLIA standards, we remo\ cd

some of this information during the rev ision

process. But in CLIA section 493.927 we

find criteria for acceptable performance of

P ,
= target value ± 3 mm Hg; Pco ,

=

target value ± 5 mm Hg; pH = target

value ± 0.04 pH units. 7 We used the labo-

ratory analy zer as the target value; our find-

ings fall within the latter ranges.

We agree with Mr Chatburn regarding

the need for caution when a new monitor-

ing or measurement tool is introduced. No-

where did we suggest that this new moni-

toring technique should replace those

currently in use. In addition to the Neotrend

monitor, we use continuous oxygen satura-

tion monitoring, intermittent laboratory

analysis ol arterial blood gases, and contin-

uous monitoring of other physiologic vari-

ables. When one indicator is out of line with

either the clinical situation or another sim-

ilar monitor, further testing and investiga-

tion is necessary. This does not mean that

continuous information should be discarded

because it may not exactly reflect values

generated in the central laboratory. Mr
Chatbum's arguments could also be used

to suggest that transcutaneous techniques

such as continuous oxygen saturation mon-

itoring should he discarded. We believe that

this technique, like all others used in patient

management,requiregood clinicaljudgment

m their application. When used appropri-

ately, continuous monitoring has the poten-

tial to improve patient management

Patricia A Meyers RRT
Mark C Mammel MD

Infant Diagnostic and Research Center

Children's Hospital

St Paul. Minnesota
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Books, Films,

Tapes, & Software

High Altitude: An Exploration of Human
Adaptation. Thomas F Hornbein and Rob-

ert B Schoene. Editors. (Lung Biology in

Health and Disease series. Volume 161,

Claude Lenfant. Executive Editor.) New
York: Marcel Dekker. 2001. Hard cover,

illustrated, 982 pages. $235.

As a resident of moderate altitude I was

eager to receive and read this latest edition

of the Lung Biology in Health and Disease

series. High Altitude: An Exploration of

Human Adaptation is volume 161 in this

ongoing series that deals with a wide range

of topics relating to lung biology and dis-

ease. Surprisingly, it is the first volume that

focuses on high altitude, and there are only

2 other volumes focusing on special envi-

ronments ( Volume 132. The Lung at Depth.

and Volume 160. Gravity and the Lung:

Lessons from Microgravity). However, the

current volume goes beyond what has been

done previously, as it not only addresses the

lung at altitude but discusses multiple sys-

tems, all of which require adaptation for

human survival at altitude. Owing to that

ambitious goal, the size of the volume (an

introduction plus 25 chapters, comprising

982 pages) and the large list of contributing

authors (45) did not surprise me. I expected

that reviewing this large volume would be a

difficult task, but I didn't anticipate that on

several occasions I would not be able to put

it down.

In the preface the editors state that their

goal was to begin to understand how low

P„, is sensed, translated, and leads to adap-

tation. To do this the chapters are grouped

into 4 broad categories: (1) the stage. (2)

organism defense. (3) oxygen's journey

from air to mitochondrion, and (4) malad-

aptation. Each part encompasses 2 to 16

chapters. The overall organization is quite

sound, with a logical progression from the

history of our understanding of gases in the

atmosphere (Chapters I and 2). to anthro-

pologic evidence of long-term adaptation to

residence at high altitude (Chapter 3). to

sensing of oxygen and adaptation both in

cells and organ systems (Chapters 6-21 ). to

discussion of when adaptive mechanisms

tail (Chapters 22 25).

The introductory chapters are very well

written and compelling. Specifically, the

first chapter, regarding the historical dis-

covery of the nature of the air, is very en-

gaging and instructive. The discussion of

the atmosphere in Chapter 2 is equally

compelling in detailing when and where

humans have conquered high altitude. The

anthropologic evidence for human adap-

tation to high altitude is equally compel-

ling. However, the discussion of repro-

ductive issues at high altitude should have

been included as a separate chapter, as it

highlights another organ system adapta-

tion to high altitude.

The next section, which deals with oxy-

gen sensing mechanisms and especially cel-

lular defenses against hypoxia, is somewhat

sparse and not completely up to date, per-

haps owing to the complex mechanisms,

which remain poorly understood. The atten-

tion paid to mechanisms of oxygen sensing

in the carotid body is very appropriate and

clearly written.

The next group of 21 chapters detail hyp-

oxia adaptation with an organ-systems and

physiologic response approach. I found this

approach very effective, especially since it

did not look exclusively at the lung and

respiratory system but took a broader view.

The inclusion of topics such as lung me-

chanics, neurobiologic behavior, renal func-

tion, immunologic responses, and circula-

tory responses to hypoxia make this a

compelling summary of complex adaptation

to hypoxia. Again. 1 would have included

the reproductive system in this section and

perhaps a discussion of aging and exposure

to altitude as well. (This was also covered

somewhat in Chapter 3.

)

As in any collaborative text of this size,

there is some repetition, but in this text the

amount of repetition was not excessive and

was appropriate given the probable use of

this text. Several of the chapters (3. 9-13.

15-18, and 22-25) include summaries that

highlight key unresolved issues and direc-

tions for future research. I found those sum-

maries very helpful and thought the sum-

mary format should have been followed in

more of the chapters, which would have

made some of the longer chapters more use-

ful as reference text.

The last 3 chapters deal with maladapta-

tion to altitude, such as acute and chronic

mountain sickness and high-altitude edema

(cerebral and pulmonary). These chapters

provide clear and concise information re-

garding clinical presentation, treatment, and

prevention of these altitude-related diseases.

I especially enjoyed the last chapter, which

dealt with how altitude affects chronic ill-

ness, pregnancy, and alcohol consumption.

These are the problems most likely to occur

as more and more low-altitude residents ven-

ture to high altitude for work and pleasure.

I am certain that these are the chapters 1 w ill

refer to time and again.

High Altitude: An Exploration of Hu-

man Adaptation w ill have broad appeal to

hypoxia researchers, physicians and other

care providers, and mountaineers and other

adventurists. The book may, however, have

its biggest appeal to those interested in how

humans adapt to various environments. The

book's structure and attention to organ sys-

tems and physiologic responses makes it an

easily-accessible information source. The

figures and illustrations were adequate to

explain key experiments and ideas, but. as

in many books of this type, there could have

been more; this is a difficult balance to find.

The subject index appears to be thorough

and accurate, but the author index is cum-

bersome; the pages cited for an author refer

to the place in the text where that author's

work is cited, but the text cites the reference

as a number, so to find an author you must

scan the page for citation numbers, turn to

that group of references, and then look for

the author.

I found no typographical errors in the

text or figures. Though the volume is well

made and sturdy, because of its size and

weight it is not easy to read away from a

similarly sturdy desk.

Overall. I think that those interested in

the complex manner in which humans adapt

to altitude will find this book an excellent

resource. As more of us venture higher and

higher, understanding these complex phys-

iologic processes and the failure of adapta-

tion will become more critical.

K. ii in A Fagan MI)

Cardiovascular Pulmonary

Research Laboratory

University of Colorado Health

Sciences Center

Denver. Colorado
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Gravity and the Lung: lessons from Mi-

crogravity. (i kim Prisk, Manuel Paiva,

and John B West, Editors. (Lung Biology in

Health and Disease series. Volume 160.

Claude Lenfam. Executive Editor.) New

York: Mareel Dekker. 200 1. Hard cover,

illustrated. 383 pages. $165.

This book is Volume 160 in the National

Heart. Lung, and Blood Institute's series on

lung physiology and pathology in both nor-

mal and abnormal environments. The ob-

jective is to examine the influence of grav-

ity (both increases and decreases thereof)

on lung function, including lung volumes,

chest wall mechanics, ventilation distribu-

tion, perfusion distribution, gas exchange,

and pulmonary interstitial fluid balance.

There are 15 contributors from 5 countries,

all of whom are recognized leaders in their

subjects. The quality of the text and authors

is exemplified by the co-editors. Manuel

Paiva. Kim Prisk. and above all. John West.

This text describes the effects of micro-

gravity (ie. < 1 G. as occurs during space

flight) on lung function. Though there is a

moderate amount of scientific data directly

addressing the effects of microgravity. the

logistic limitations imposed by the circum-

stances have thus far limited the collection

of direct data (earth-based models designed

to simulate microgravity are imperfect at

best). In addition to analyzing direct scien-

tific data, the authors attempt to address

voids by using information from earth-based

models ( when appropriate ). parabolic flights

(which can provide 22-27 s of micrograv-

ity). mathematical models, and extrapola-

tion from experiments conducted in condi-

tions exceeding 1 G (super-G forces). Most

of the chapters (except Chapters 1. 2. and

14) begin by outlining the physiologic be-

havior of a specific aspect of lung function

under normal gravitational force ( 1 G) and

then use the above-mentioned sources of

information to outline the effects of micro-

gravity. The ultimate objective is to ascer-

tain if the effects of microgravity on various

aspects of lung function increase the prob-

ability of lung dysfunction in individuals

undertaking prolonged space flight. That in-

formation might lead to mitigations of or

solutions for that dysfunction.

This book is clearly not redundant in that

there is no other repository' of the detailed

information contained in it. I suspect this

book will be a necessity even for those who

specialize in any one of the areas discussed.

as they would benefit from the detailed dis-

cussions of the other areas. This book is

also a worthy read for those who have a

broader and general interest in pulmonary

medicine, in that the detailed application of

physiologic principles enunciated and the

implications for diseases and their treatments

represent the foundations of pulmonary

medicine. For example, the chapter that dis-

cusses aerosol transport in the lung and the

importance of particle size has clear impli-

cations for both the risk of developing

airborne diseases and effective delivery of

therapies.

The first chapter, written by John West,

in and of itself justifies purchasing this book.

It details important historical milestones in

the field as far back as the late 19th century,

and is fascinating reading that is wonder-

fully summarized and presented.

Although Chapter 2 is also a history chap-

ter, it is very different from Chapter 1 It

deals with the effects of higher gravity, and

though the information presented is not of

very recent vintage, the research discussed

was conducted predominately in the latter

half of the 20th century. This chapter out-

lines the effects of gravity on pulmonary

variables, including mechanics, ventilation.

perfusion, and ventilation-perfusion ratio,

and the uses of these data to make predic-

tions about microgravity ( the errors and risks

of such extrapolations are well discussed

throughout the book; for example, regard-

ing central venous pressure). Like the book

as a whole, this is an information-rich chap-

ter and is not casual reading.

Chapter 3 discusses the effects of gravity

alterations on lung volumes and chest wall

mechanics. Chapter 4 extends the discus-

sion to ventilation distribution and includes

an excellent discussion of ventilatory heter-

ogeneity (described as nonhomogeneity), in-

ter-regional versus intra-regional differ-

ences, and the relative contributions of

gravitational versus nongravitational influ-

ences. Chapter 5 discusses aerosol delivery

in the tracheobronchial tree. Chapters 6 and

7 discuss pulmonary perfusion, regional dif-

ferences thereof, the contribution of gravi-

tational versus nongravitational influences,

and the modulating influences ofmicrogra\ -

ity. The role of fractal principles is empha-

sized (a fractal structure is one that remains

constant over a large range of scales). Chap-

ters S and 9 discuss gas exchange at rest and

during exercise, during normal, high, and

low gravitation. These chapters present the

data that support the concept that similai

directional changes in overall ventilationand

perfusion during microgravity result in only

modest changes in gas exchange, and the

concept that the lungs are optimally effi-

cient at I G. Chapter 10 discusses central

venous pressures and the pitfall of extrapo-

lating super-G data to microgravity envi-

ronments. This chaptei includes an excel-

lent discussion of the possible mechanisms

underlying an apparent paradox observed

during microgravity: central venous pres-

sures are decreased in the setting of increased

cardiac output. Chapter 1 I details the com-

plex interactive principles that determine

pulmonary interstitial fluid fluxes and their

modulation in microgravity. Chapter 12 dis-

cusses control of ventilation and reminds us

of the important interaction between the car-

diovascular and respiratory systems (baro-

receptor reflex modulating influence on hy-

poxic respiratory drive). Chapter 13

discusses decompression sickness in the

context of extra-vehicular activities, which

involves transition from a cabin pressure of

approximate atmospheric pressure to low

atmospheric pressure (
— 30-40% of cabin

pressure). Moreover, ground-based training

includes long dives with changes in pres-

sure from normal to high and back. This

chapter provides an excellent and detailed

description of decompression sickness and

examines the apparent anomaly of almost

no reports of decompression sickness in

space, despite a sound predictive basis to

the contrary.

The book concludes with an excellent

summary chapter that deftly strikes a bal-

ance between concepts that are not yet com-

pletely reconciled, such as gravitational ver-

sus nongravitational contributions to

pulmonary perfusion nonhomogeneity. This

final chapter fittingly closes with an outline

of seminal research questions that need to be

addressed. Overall (his book is a challeng-

ing read but well worth it. Though there is

some modest and acknoVi ledged overlap be-

iween certain chapters, this occurs only to

the extent that it is likely to benefit (rathei

than irritate) the reader who has a broad in-

terest in pulmonary physiology and disease

Ala Haddadin Ml)

Daniel Nyhan MI)

Department of Anesthesiology

and Critical Care Medicine

The Johns Hopkins Hospital

Baltimore. Maryland
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Respirator) Physiology of Newborn
Mammals: A Comparative Perspective.

Jacopo P Mortola MD. Baltimore. Mary-

land: Johns Hopkins University Press. 2001

.

Hard cover, illustrated, 344 pages. $89.95.

When I received Respiratory Physiol-

ogy of Newborn Mammals: A Compar-
ative Perspective my first thoughts were of

my comparative anatomy course in college

and quite frankly I was not looking forward

to reading this book. But I must admit I

found it very well written, informative, and

enjoyable. As with many books, its creation

began with lecture notes, in this case lecture

notes on neonatal respiration. With expan-

sion and additions the author has created a

text that makes interesting comparative anal

ysis of mammal species.

The book's primary objective was to dis-

cuss the main aspects of respiratory physi-

ology of the developing mammal, including

the human infant. The author achieved this

by focusing principally on the mechanical,

metabolic, and neural aspects of pulmonary

ventilation. The book is written primarily

for students in developmental physiology or

comparative biology or zoology but also may
be useful to neonatologists and pediatric pul-

monologists keen on refreshing their appre-

ciation of the basic concepts of their clinical

practice.

The book includes a list of abbreviations

and a glossary, which 1 found myself refer-

ring to frequently while reading some chap-

ters. It would have been helpful to provide

short definitions in the text and longer def-

initions in the glossary.

The book has a blue cover with silver

lettering. The pages and print are of good

quality and the binding is durable. The book

is well referenced, with over 900 references.

Borrowed tables, figures, and other material

are used throughout the book, deriving from

societies and organizations such as the

American Pediatric Society. American

Phy siologic Society, American Thoracic So-

ciety. British Thoracic Society, Canadian

National Research Council. National Geo-

graphic Society, Royal Society of Medicine,

and the journal Nature.

I he book is di\ ided into 5 chapters: Ges-

tation and Birth. Metabolic and Ventilator)

Requirements; Mechanical Behavior of the

Respiratory Pump; Reflex Control of the

Breathing Pattern; and Changes in Temper-

ature and Respiratory Gases. Chapter orga-

nization is consistent throughout the book.

Each chapter concludes with 3 brief sec-

lions: Interspecies Comparisons; Clinical

Implications; and Chapter Summary. I

thought these sections were strong points in

each chapter, providing the reader a quick,

to the-point version, with the chapter sum-

mary giving a final take-home-message. 1

found the text clearly written and concise.

with no typographical or grammatical er-

rors, and very well cross-referenced. There

are a large number of tables and figures It

is obvious that great care was taken to en-

sure that the figures and tables were appro-

priate to the content of the chapters in which

they appeared. They are very well done in

that they are clear and readable, and the

descriptions of the figures are well written.

There are a few photographs, and most

are \ery clear. For example Figure 2.1 is a

superb photograph of a dasyurid marsupial

born after about 13 days gestation, in which

the air sacs on each side of the heart are

visible through the skin. On the other hand.

Figure 4.19, which shows the time course

of phrenic nerve development, has 3 small

photographs of a rat embryo, and they are

indistinguishable, although recognition of

the details of the photographs is not essen-

tial to understand the essence of the figure.

The book opens with a comparison of

various mammals' gestation and birth. Em-
phasis is on the development of the respi-

ratory system, beginning with the respira-

tory system before birth and during birth,

with the establishment of breathing control

and lung volumes and capacities. The chap-

ter ends with discussion of pulmonary cir-

culation.

Chapter 2 looks at metabolic and venti-

lators requirements, including such topics

as pulmonary ventilation and mechanical

events in the first hours after birth, pulmo-

ii.ii > ventilation and the breathing pattern.

dead space and alveolar ventilation, and cou-

pling of ventilation and metabolism.

Chapter 3 is an extensive look at the me-

chanical .behavior of the respirator) pump.

After a brief description ol respiratory mus-

cle mass, fiber type, fatigue, and fatigue re-

sistance, the chapter delves into subjects

such as blood perfusion, the newborn tho-

rax, mechanical interaction between lungs

and chest wall, and static coupling between

lungs and chest wall There is further dis-

cussion U resistance to air flow, the active

mechanical behavior, ami energetics. I was

disappointed in the brief presentation of top-

ics such as resistance to air flow and time

constant.

Chapter 4. "Reflex Control of the Breath-

ing Pattern." covers such topics as reflex

control ofbreathing amplitude and duration.

ventilatory relieves of extrapulmonary ori-

gin, central organization of respiratory neu-

rons, and breathing during feeding.

Clinicians working in neonatal intensive

care will find the last chapter especial]) in-

teresting and clinically relevant to the de-

velopment and care of the newborn infant.

So much of the care of the newborn infant is

directed toward maintaining cellularoxygen-

ation and temperature, which is essential for

survival. This chapter covers subjects such

as change in ambient or body temperature,

ventilatory control at various temperatures,

oxygen and carbon dioxide chemoreceptors,

changes m oxygenation, prenatal and acute

neonatal hypoxia, chronic neonatal hypoxia,

hyperoxia. and hypercarbia.

Following the last chapter there are 3

appendixes: "Passive Respiratory Mechan-

ics: Some Applications to Measurements in

Newborns." "Comparisons and Normaliza-

tion," and "Orders and Suborders of the

Class Mammalia." In the preface the author

slates, "Technical matters are usually not

discussed, the chief exception being certain

aspects of respiratory mechanics. The meth-

odological details in Appendix A should fa-

cilitate an understanding of this topic." Ap-

pendix A covers compliance, resistance.

time constant, and the relationship of time

constant and resistance. I suspect that indi-

viduals who have little knowledge oi this

subject will find this section difficult to un-

derstand, loin to cover these complex top-

ics in 8 pages is difficult. I found the infor-

mation of little use for understanding the

material in the preceding chapters.

Overall this book provides a wealth of

information to identify and analyze the

mechanisms that have evolved to guarantee

adequate pulmonary ventilation in the neo-

natal mammal. This book should not be con-

sidered a standard respirator) text for a ha

sic respiratory curriculum, but it would be

valuable as a reference for clinicians work-

ing with newborn infants, as well as for

those teaching neonatal respirator) medi-

cine, to complement standard respirator)

texts in bachelor of science and graduate

level programs.

Robert Harwood MSA RRT
Advanced Respiratory Inc

St Paul. Minnesota
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Exercise Physiology tor Health Care Pro-

fessionals. Frank J Cernj PhD and Harold

VV Buiioii PhD. Champaign, Illinois: Hu-

man Kinetics. 2(H) 1 . Hardcover, illustrated,

J82 pages, $59

Exercise Physiology for Health Care

Professionals is a well-written elementary

physiologj text that covers the broad scope

o! physiology related to exercise. It is in-

tended to provide the essential knowledge

necessary for physical therapists, exercise

scientists, and medical and denial students.

The writing style is clear, concise, and con-

sistent with the reading level of a beginning

student. As the introduction indicates, the

book provides "basic physiologic concepts

as they apply to exercise, minimizing tac-

tual overload and maximizing application

ol the basic principles to exercise responses

and adaptations under many conditions."

The book includes 5 chapters on energet-

ics and metabolism. 2 on neural control and

neuropathies. 3 on skeletal muscle and mus-

cle diseases. 2 each on the pulmonary and

cardiovascular systems and their diseases. 1

on pediatrics. 1 on aging, 1 on special envi-

ronments, and 1 on exercise testing. Each

chapter is 1 0-20 pages long. This broad brief

coverage of physiology necessitates simpli-

fications and didactic presentation of the con-

cepts, which glosses over the complexity of

the systems and leaves many questions. Sim-

plicity is appropriate for a basic text whose

stated goal is to present exercise physiology

within a clinical context, "minimizing factual

overload." but may leave the student with an

overly simplistic comprehension and little ap-

preciation lor the complexity of an in-depth

understanding. Nonetheless, a basic under-

standing ii\ the fundamental concepts and the

ability to apply them clinically may serve the

beginning practitioner better than a more in-

depth but less definitive explanation.

The most outstanding feature of this book

is the inclusion of excellent clinical case

studies with each concept. The case studies,

incorporated within the text, are carefully

designed to illustrate the principles men-

tioned above. Both the clinical presentation

and its resolution are presented. For exam-

ple, the discussion of the time course of

glycolytic and oxidative metabolism in ex-

ercise includes 2 case studies. The first is of

an athlete who consistently performs better

in practice sessions than in competition. In

resolving the case it is noted that the benefit

of stimulating oxidative metabolism during

the warm-up is lost if the warm-up is not

immediately before the race—a situation fre-

quently, encountered in competition I he

second case is a study ol ,i marathon runner

who fails to supplement his glucose intake

throughout the run and thus exhausts his

glycogen stores before completion of the

race. In addition to the case studies within

the text, each chapter includes case studies

for the Student to answer in review. Though

when resolved the case studies are logical

and illustrate the physiology just pre-

sented. 1 was uncertain that a student given

the physiology as presented could inde-

pendently reason through to the answer.

The case studies do. however, provide stu-

dents with solid practical examples of why

they might want to know the physiology

and how it is applicable to practice. An-

swers to the review questions are provided

in an appendix. The case studies include

decision-making with a broad spectrum

of individuals, from ill-and-recovering to

average to exceptionally athletic.

The book makes extensive use of educa-

tion concepts. Each chapter begins with a

bulleted list of 2 or 3 topics to be covered

and concludes with a section entitled "What

You Need to Know From Chapter X." which

includes key terms and concepts the student

should have learned. It does not provide the

definitions nor a summary of the concepts

but. instead, lists the terms and concepts for

the student to review. Within the text the

important concepts are briefly summarized

in a smaller font, set off from the other text

by lines. The book also makes extensive use

of headings and subheadings to aid in orga-

nization. The figures are concise and unclut-

tered. A list of 10-20 references at the end

of each chapter provides a starting place for

further reading. References date from the

1970s through 2000. with the majority from

the mid- 1 990s. They seem to represent both

the use of classic material and the time lag

between writing a book and its publication.

The glossary provides ready access to defi-

nitions, and the index is complete and per-

mits rapid access to particular subjects.

The book is a good overview of exercise

physiology and brings the beginning stu-

dent forward into the application of the phys-

iologic concepts vi exercise. This ability to

turn slate scientific principles into clinical ap-

plication is an enormous step, and its diffi-

culty should not be underestimated. I would

recommend tins as an excellent book for the

student who is beginning to study exercise

physiology and lor the professional who

needs to understand the physiologic ratio-

nale loi the prescription of exercise.

Verna Harms PhD RN
School of Nursing

Seattle University

Seattle. Washington

Textbook of Respiratory Medicine CD-

ROM 3rd edition. John F Murray Ml) and

Jay A Nadel MD. Editors. CD-ROM for

Windows and Macintosh. Philadelphia: WB
Saunders. 2001. S325.

This CD-ROM version of the 3rd edition

of Murray and Nadefs Textbook of Respi-

ratory Medicine is slightly more than an

electronic reproduction of the 2-volume

hard-cover textbook. As was the intention

of the original text, this CD-ROM provides

comprehensive and accurate information for

medical care providers concerned with pul-

monary diseases, and also serves as a valu-

able pulmonary medicine learning tool for

house staff and medical students. Although

there are detailed sections pertaining to pul-

monary physiology and function, this is

probably somewhat more detailed than nec-

essary for respiratory technicians concerned

with learning the basic physiology of pul-

monary function. Included in the CD-ROM
are over 400 tables and 900 images found in

the original textbook. There are few fea-

tures that make the CD-ROM version dif-

ferent from the paper edition.

The user's manual for the CD-ROM is

straightforward and succinct, and the pro-

gram is relatively self-explanatory. This

CD-ROM contains versions for both Win-

dows and Macintosh computers. The min-

imum Windows requirements are: Windows

95, 98, 2000. or NT; 200 MHz processor;

32 MB RAM; 30 MB hard drive space: and

either Netscape 4.7 or Internet Explorer 5.0,

with Java enabled. The minimum Macin-

tosh requirements arc: PowerPC: 200 MHz
processor: Macintosh operating system X. I

;

30 MB RAM, 20 MB hard disk space: and

Netscape 4.7. with Java enabled. The soft-

ware loaded quickly and without difficulty

on a Pentium III 850 MHz computer with

Windows 2000. which I used for this re-

view. Once loaded, the CD-ROM is always

required lor use of the program.

Upon starting the program the opening

interlace is a split screen—a popular format

used by many electronic reference programs.

Across the top of the right section there is a

toolbar that contains some standard buttons

such as "Main. Search. History . Bookmarks.
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Notes, Subject Index. Help, and Exit." The

history function maintains a history of all

activities in the program from the fust time

the program was initiated. The left side of

the screen shows an outline of the book.

When a part of the hook is opened, sub-

headings are displayed. The main section of

thisopening page pro\ ides 4 options: browse

respirator) medicine: search respiratory

medicine: browse subject index; and using

respiratory medicine. When selected, these

cither appear in the existing window or open

another window. The first 3 selections are

various options tor accessing the medical

content of the CD-ROM; the last selection

is a help option for learning how to use the

software.

The 3 search options are quite intuitive.

The first and the last are identical to using

either the content or index section of the

textbook. The first method is browsing the

content section, which is divided into parts,

then sections, then chapters, then subhead-

ings; this is a reproduction of the content

outline in the textbook. To facilitate naviga-

tion the content is arranged in outline on the

left side of the screen as the various parts are

opened. This allows navigating through the

text without having to go back to previous

screens in the main section. Although search-

ing by this method limits the reader to words

contained in the heading of each section,

this is slightly more efficient than the book,

because one can view the subheadings of

each chapter at a glance without having to

read through the entire chapter.

The second method ot finding informa-

tion is the search function. Unfortunately,

the search function in this program is rather

elementary in that it di es not recognize Bool-

ean commands, thus making it inefficient

for finding topics that are related to each

other. In fact, it is quite similar to search

functions found in standard Microsoft Word

and Adobe Acrobat, although it will recog-

ni/e standard medical terms.

The third method is using the index, as

one traditionally does when using the text-

book. Here there are no surprises. The in-

dex is identical to thai found in the text-

book. A helpful addition again is the outline

to the side of the main screen. Once an item

is selected from the index, the software im-

mediate!) locales the item in the outline to

the left and displays the entire text section

in the main screen.

Once the user has entered the text, the

layout of each page is mostly; identical to

the textbook. One difference is the displa)

of tables and figures, which appear as thumb-

nails embedded in the text, with either a

highlighted link (tables) or a box with the

associated text to the right (figures). Click-

ing the link or figure opens a new window

with a full reproduction of the table or fig-

ure. The contents of the tables are identical

to that found in the text, although the col-

oring of the tables is slightly different. The

figures are crisp, clear reproductions ofthose

found in the text, including the radiographs.

There are no color enhancements to the fig-

ures. As in the textbook, the pathology fig-

ures are in black-and-white.

The program maintains a list of book-

marks that one can insert on any page of the

text, but unfortunately these bookmarks can

not be inserted at specific lines or words in

the text. The bookmark function is comple-

mented by the notes function. The reader

can create a note for the active page in the

notes box at the bottom of the page. All

notes created since the program was first

used can be displayed, in alphabetical or-

der, by clicking on the notes button in the

toolbar. There is no option to display these

notes by subject or date created. Another

option with this software is the ability to

copy and paste any portion of the text, in-

cluding tables and figures, into another file.

However, one should be cautious to respect

the copyright laws. Finally, there are over

10.000 references within this program, and

they are linked to their primary MEDLINE
abstracts, allowing easy access to the orig-

inal references for more in-depth review.

In summary, the CD-ROM version of

the 3rd edition of Murray and Nadel's Text-

hook of Respiratory Medicine is an accu-

rate electronic reproduction of the textbook.

The program is different from the textbook

in only a few features: direct link o\ refer-

ences to MEDLINE abstracts, the ability to

search key words, the ability to display the

outline of the book while browsing the text,

and the option to electronical ly copy por-

tions of the book into other files. I did not

consider the bookmark and notes functions

a unique feature, because most readers of

textbooks use bookmarks and write in the

margins. Although the program meets its

primary objectives, these are rather basic. It

would have been more justifiable to create

an electronic version of the textbook if the

creators were able to take lull advantage of

the technology available as a result oi the

digital revolution Respiratory medicine is a

dv namic field that can benefit from the stan-

dard technology now found in most elec-

tronic publications, such as animations ol

physiologic functions, color-enhanced anat-

omy figures, and color reproductions of pa-

thology specimens. The question of whether

this CD-ROM is worth) of purchase should

be answered according to the individual's

needs and preferences. Certainly the CD-

ROM is not so unique that one needs in

own both the CD-ROM and the printed ver-

sion, especially when each sells for over

S300. The electronic version is portable and

efficient, ideal for a student or physician

who uses a laptop computer. However, for

the more traditional user, the few electronic

features unique to this version do not out-

weigh the satisfaction of holding such an

immense body of knowledge in one's hands,

and actually being able to experience the

sensation of Hipping a page.

Jason \V Chien MD
Div ision of Pulmonary

and Critical Care Medicine

Fred Hutchinson Cancer Research Center

University of Washington

Seattle. Washington

Atlas of Procedures in Respiratory Med-

icine: A Companion to Murray and

Nadel's Textbook of Respiratory Medi-

cine. Warren M Gold MD. John F Murray

MD. and Jay A Nadel MD. Philadelphia:

WB Saunders. 2002. Hard cover, illustrated.

508 pages. $139.

The Atlas of Procedures in Respira-

tory Medicine by Gold. Murray, and Nadel

is a welcome addition to the outstanding Text-

bookcfRespiratoryMedicineb) Murray and

Nadel. The authors' intent was to provide a

companion "picture book that illustrates how

things are done in respiratory medicine.'' I

think the) have done a good job.

The atlas is divided into S chapters and

20 appendixes. The chapters cover: mor-

phological procedures, anatomy, pathology .

radiograph), nuclear medicine, bronchos-

copy, microbiology, and pulmonary func-

tion testing (PET). The appendixes list ref-

erence equations and predicted normal

values. Conspicuous!) absent are chapters

on pleural procedures and ventilators. The

references throughout the book are well se-

lected and numerous. The index is exten-

sive and ver\ usable.

The pictures are ol veiy high quality and

are a goldmine, especial!) lor pulmonary

fellows. 1 recall my mentor in pulmonary

fellowship telling me that a great way to get

a "leg up" for the boards was to collect all
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the pictures of the various infectious dis-

eases and malignancies we encounter as pul-

monologists. The questions frequently in-

volved .1 verj long stem associated with a

picture of an organism or tumor. One could

glean the answer from the stem, but it you

could recognize the "bus;" or tumor in the

picture, you'd get the answer much more

quickly, 1 dutifully collected these pictures

from various sources (infectious disease

textbooks, pathology atlases, monographs,

etc ) and found out that he was correct. Rec-

ognizing the pictures helped a lot. Well, now

pulmonary fellows have the pictures col-

lected without having to do the collecting!

The tables are constructed very logically,

with enough text to make them easily nav-

igable. I was surprised that the authors left

out the recently updated lung cancer staging

system in both the pathology and radiology

sections. 1 On the other hand, there are some

wonderful tables, including some that con-

trast the various clinical and pathology fea-

tuies of the noninfectious interstitial pneu-

monias. The first chapter, on morphological

procedures in respiratory anatomy and pa-

thology, would be quite helpful for a re-

search fellow looking for a technique to eval-

uate the lung in a protocol. For the clinician,

the chapter on microbiology laboratory di-

agnosis is an outstanding resource on how

to collect and evaluate respiratory specimens

for various infectious diseases.

The radiography section is very up to

date in that it includes a section on digital

radiography, which is rapidly entering our

daily practice. There are some nice exam-

ples of the clinical utility of high-resolution

computed tomography, although I would

have liked some more (such as of emphy-

sema or cystic disease). The chapter on nu-

clear medicine has one of the best collec-

tions I have seen of abnormal ventilation/

perfusion scans. The correlation with

anatomy is excellent. This section may be-

come rapidly outdated, with newer high-

speed computed tomography scanners do-

ing pulmonary angiograms, which did not

get near as much coverage in this atlas. There

is also a nice section on positron emission

tomography scanning, which is being used

more and more in clinical practice.

The chapter on bronchoscopy, written by

Udaya Prakash and Sergio Cavaliere. is w on-

derful, with many very helpful endobron-

chial anatomy pictures, and it includes a

unique section on endobronchial ultrasound.

There is an extensive section on therapeutic

bronchoscopy, which would be extremely

helpful to the novice pulmonary fellow or

the practicing clinical pulmonologist learn-

ing new techniques. The sections on collec

don, preservation, and transport of respira-

tory tract specimens would be very helpful

to bronchoscopy technicians, to make sure

the specimens are handled properly.

The last chapter is on PFT and was writ-

ten by the lead editor. Warren Gold. His

tables describing pressure and volume

plethy sinographs are the most readable and

understandable that 1 have come across. 1

showed them to our registered pulmonary

function technicians and they agreed with

me. The chapter is very complete and cov-

ers just about every pulmonary function test

that I could think of, and some more. The

chapter has many tables, with a lot of very

practical advice on how to perform the tests

as well as interpret them. The section on

exercise with clinical applications is easy to

read and readily usable. The chapter is

clearly evidence-based, and areas of contro-

versy such as the anaerobic threshold are

treated fairly. The one problem I have with

the PFT chapter is that the section on chal-

lenge testing did not include the American

Thoracic Society's recent guidelines for

methacholine and exercise challenge test-

ing.- I had hoped that those guidelines would

bring some order to this procedure. Dr Gold

recommends using body plethysmography

and airway resistance for challenge testing,

whereas the guideline recommends using

airway resistance only as an alternative to

spirometry with patients unable to perform

spirometry. The beauty and simplicity of

most of his other explanations make up for

this difference of opinion.

In conclusion, this atlas would be a wel-

come addition to any pulmonologist' s li-

brary and probably should be considered a

must-have for those taking the pulmonary

certification exam. Practicing respiratory

therapists may not find much useful infor-

mation, but pulmonary function technicians

and bronchoscopy technicians will proba-

bly find a lot of useful information in this

very attractive picture atlas.

Bernard J Roth Ml)

Division of Pulmonary and

Critical Care Medicine

Department of Medicine

University of Washington

and

Madigan Army Medical Center

Tacoma, Washington

Note: The viev\ s expressed herein reflet i

only the views ofthe author and are not the

official Ken s oj the Department ofthe Arm)

or the Department <>l Defense.
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Respiratory Nursing. Glenda Esmond BSc

DiP Nursing RGN. editor. Edinburgh.

United Kingdom: Balliere Tindall. 2001.

Hard cover, illustrated. 271 pages. $40.

Respiratory Nursing was written pri-

marily for nurses, with content covering the

basics of respiratory science and nursing

care. However, the content may also be ap-

plicable for the respiratory therapist, who is

often involved in the bedside care of pa-

tients with respiratory problems.

The content includes a comprehensive

chapter on respiratory anatomy and physi-

ology, followed by chapters on assessment,

diagnostics, respiratory support techniques,

respiratory infections, and oxygen therapy.

What renders this book specific to nursing

is its emphasis on the psychological and

social ramifications of chronic lung disease.

Chapters dedicated to this include a well-

written, comprehensive, and useful section

on smoking and smoking cessation, as well

as chapters on living with chronic respira-

tory illness, nutrition, pulmonary rehabilita-

tion, and end-stage management of respira-

tory disease. These chapters are patient and

family focused and arc geared toward em-

powering health professionals to help pa-

tients effectively manage respiratory illness,

through patient and family education and

knowledgeable, compassionate nursing

care.

The editor. Glenda Esmond, prefaces the

texl wilh an overview of respiratory illnesses

in the United Kingdom and the ramifica-

tions to that society. The statistics cited are

not absolutely applicable to lung disease in

the United Stales, but the reader can gener-

alize the findings to the United States pop-

ulation and can appreciate when Esmond

states. "It is likely that the psychological

and economic costs as a result of respira-

tory illness will continue, and indeed will

mosl likeh escalate m the future."
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The material is well selected and orga-

nized. Each chapter starts with a boxed sec-

(icm thai outlines the chapter contents.

Throughout the text are boxes outlining ma-

jor teaching points within the text. The il-

lustrations are clear and easik understand-

able. There is an excellent patient teaching

section on inhaler and nebulizer devices.

Throughout the text are case studies that

highlight information from the text. The ref-

erences are generally recent, but some date

back to the early 1 990s or even 1 980s. Ad-

ditional information on and examples of

chest computed tomography would be help-

ful, as this diagnostic tool is becoming more

available and common. A section on caring

for the patient after thoracic surgery would

also be useful, and especially lacking is a

section on chest tube management.

Because the text is geared toward the

United Kingdom practitioner, some details

may be confusing or distracting to the United

States reader. Certain drugs mentioned, such

as oxitropium, are not available or only very

recently available in the United States and

will be unfamiliar to many practitioners.

Some units of measure, such as kPa (used

for blood gas values), are not routinely

used in the United States. Oxygen deliv-

ery systems are different in the United

States, as are many of the featured non-

invasive ventilators. Chapter 13, "Pri-

mary and Secondary Care Interface,"

which deals with United Kingdom health

policy and public health framework, is

largely irrelevant to the United States

reader. What is missing and important for

the United States reader is information

regarding Medicare and Medicaid reim-

bursement policies, especially for home
oxygen and noninvasive ventilatory sup-

port systems. Another thing that may con-

fuse United States practitioners is the Brit-

ish Thoracic Society guidelines for

asthma, as United States practitioners rely

on the 1997 National Institutes of Health

guidelines. Practitioners in the United

States also rely on treatment guidelines

for community-acquired pneumonia that

stratify disease acuteness into specific-

treatment decision trees. This is not re-

ferred to in the chapter on respiratorv in-

fections.

In general, the book is an enjoyable read.

The paperback edition is very portable and

therefore can be easily used as a reference

book. As mentioned previously, the book is

specific to nursing because of its emphasis

on the psychosocial aspects of living with

chronic respiratory disease, as well as pa-

tient and family teaching.

Donna I. Charlebois MSN ACNP-CS
Division of Cardiopulmonary

Transplantation

University of Virginia Health System

Charlottesville. Virginia
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Journal, which appeared in the August 2002 issue of RESPIRATORY CARE, are given
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2002.
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News releases about new products and sen kcs will be considered foi publication in this section

There is no charge for these listings, Send descriptive release and gloss) black and white photographs

to Respiratory Cart. New Products & Services Dept, 11030 \bles Lane. Dallas IX 75229-4593

The Reader Service Card can be found at the back ol the Journal.

New Products

& Services

At-Home Ventilation. Weinmann

GmbH+Co. announces a new device for

bi-level at-home ventilation, the Som-

novent® ST. Thanks to its sensitive trig-

ger, claims the manufacturer, the Som-

novent ST adjusts to each patient's indi-

vidual respiratory characteristics and runs

at a pleasantly low sound level. Wein-

mann says that in addition to its use in

treating sleep-related respiratory disrup-

tions. Somnovent ST can be used by pa-

tients with general respiratory insuffi-

ciency, such as COPD and OSAS; respi-

ratory mechanism (scoliosis) and

neuromuscular disorders; and by patients

vv ith partial central respiratory disorders.

For more information from Weinmann

GmbH+Co, circle number 188 on the

reader service card in this issue, or send

your request electronically via ""Advertis-

ers Online" at http://www.aarc.org/

buyers_guide/

Tracheostomy Straps. DHD Healthcare

Corp's tracheostomy strap features soft

foam padding and convenient, adjustable

Velcro hooks. According to DHD. it fits

all patients and has no sharp edges or

twill ties; thus, it is ideal for long-term

patient care. DHD recently acquired the

strap from STI Medical Products Corp.

For more information from DHD Health-

care Corp, circle number 1 89 on the read-

er sen ice card in this issue, or send your

request electronically via "Advertisers

Online" at http://wvvvv.aarc.org/

buyers_guide/

issue, or send your request electronically

via "Advertisers Online" at http://www.

aare.org/buyers_guide/

Full Face Mask. The 7600 Series

Vmask™ from Hans Rudolph is a full

face mask for use with CPAP/NPPV

blowers and ventilators by OSA patients

and is available in 5 sizes. According to

Hans Rudolph, the face piece and sealign

flange are integrally molded of soft, clear,

silicone rubber in an anatomically con-

toured design with ribbed support for a

leak-free comfortable fit. The swivel port

elbow assembly features a safety breathe-

out valve, and the mask face piece has

CO; flush holes for safety. The quick-re-

lease headgear was designed for patient

comfort and safety and is available m 2

si/cs. savs Hans Rudolph. For more infor-

mation from Hans Rudolph, circle num-

ber 190 on the reader service card in this

Dual Parameter Monitor. Nonin Medi-

cal Inc has introduced their noninvasive

blood pressure monitor and digital pulse

oximeter. According to the company, the

Avant™ 2120 combines Nonin's proven

pulse oximetry with fast, motion-tolerant

oscillometrip N1BP that results in a com-

pact, lightweight, cost-effective, and reli-

able health care tool. The manufacturer

says that the device can be used on pedi-

atric patients as well as adults. Acces-

sories include a broad range ot blood

pressure culls, various oximetry sensors,

rolling stands, and a carrying case. For

more information from Nonin Medical,

circle number 191 on the reader service

card in this issue, or send your request

electronically via "'Advertisers Online" at

http://www.aarc.org/buyers__juide
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American Association for Respiratory Care

MEMBERSHIP APPLICATION
ACTIVE MEMBER
An individual is eligible if he/she lives in the US or its territories or was an Active Member
prior to moving outside its borders or territories, and meets ONE of the following criteno (1)

is legally credentialed as a respiratory core professional if employed in a stote that

mandates such, OR (2} is a graduate of an accredited educational program in respiratory

care OR |3( holds a credential issued by the NBRC

ASSOCIATE OR SPECIAL MEMBER
Individuals who hold a position related to respiratory care but do not meet the reguirements

of Active Member shall be Associate Members. They have all the rights and benefits of the

Association except to hold office, vote, or serve as chair of a standing committee The
following subclasses of Associate Membership are available: Foreign, Physician, and
Industrial (individuals whose primary occupation is directly or indirectly devoted to the

manufacture, sale, or distribution of respiratory care equipment or supplies) Special

Members are those not working in a respiratory care-related field

STUDENT MEMBER
Individuals will be classified as Student Members if they meet all the requirements for

Associate Membership and are enrolled in on educational program in respiratory care

accredited by. or in the process of seeking accreditation from, an AARGrecognized agency

SPECIAL NOTICE — Student Members do not receive Continuing Respiratory Care
Education (CRCE) transcripts Upon completion of your respiratory care education,
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Associate Member

Please read the eligibility requirements for each of the classifications

above, then complete the form. All information requested must be

provided, except where indicated as optional. See other side for more
information and fee schedule. Please sign and date application on reverse

side and type or print clearly. Processing of application takes

approximately 15 days.

I Active

Associate

Foreign

Physician

D Industrial
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Social Security No.
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by email?
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merican Association for Respiratory Care MEMBERSHIP APPLICATION
Membership Fees
lyment must accompany your application to the AARC. Fees are

ir 12 months. These fees contain the $12.50 new members
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RE/PIRATORy CARE

Manuscript Preparation Guide

Respir \Kiin (
' \ri welcomes original manuscripts related to the sci-

ence and technology of respiratory care and prepared according to the

follow ing instructions and the ( Uniform Requirements for Manuscripts

Submitted to Biomedical Journals i a\ ailable at http://www.icmje.org/

index.html). Manuscripts are blinded and reviewed by profession-

als w nh experience in the subject of the paper. Authors are respon-

sible for obtaining « ritten permission from the original copyright hold-

er to use pre\ iousl) published figures and tables. Before publication,

authors receive page proofs and are allowed to make only minor cor-

rections Accepted manuscripts are copy-edited for clarity, concision.

and consistency with RESPIRATORY CARE"s format. Published

papers are copyrighted b\ Daedalus lnc ;md may not be published else-

u here w ithout permission. Editorial consultation is available at any

stage of planning or writing: contact the Editorial Office. 61)0 Ninth

Avenue, Suite 702. Seattle WA 98104. (206) 223-0558, lax (206)

223-0563. E-mail: rcjournal@aarc.org

Categories of Articles

Research Article: A report of an original investigation (a study). Must

include: Title Page. Abstract. Key Words, Introduction, Methods.

Results. Discussion. Conclusions, and References. May also include:

Tables. Figures (if so. must include Figure Legends). Acknowledg-

ments, and Appendixes.

Review: A comprehensive, critical review of the literature and state-

of-the-art summary of a topic that has been the subject of at least 40

published research articles. Must include: Title Page. Outline.

Abstract. Key Words. Introduction. Review of the Literature. Sum-

mary, and References. May also include: Tables. Figures (if so. must

include Figure Legends). Acknowledgments, and Appendixes.

Overview: A critical review of a pertinent topic that has fewer than

40 published research articles. Same structure as Review Article.

Update: A report of subsequent developments in a topic that has been

critically reviewed in RESPIRATORY CARE or elsewhere. Same struc-

ture as a Review Article.

Special Article: A pertinent paper not fitting one of the other cate-

gories. Consult with the Editor before writing or submitting such a

paper.

Editorial: A paper addressing an issue in the practice or administration

ofrespiratory care. It may present an opposing opinion, clarify a posi-

tion, or bring a problem into focus.

Letter: A brief, signed communication responding to an item pub-

lished in Respiratory Care or about other pertinent topics.

Tables. Figures, and References may be included. The letter should

be marked "For Publication."

Case Report: Report of an uncommon clinical case or a new oi

improved method of management or treatment. A case-managing physi-

cian must either be an author or furnish a letter approving the manuscript.

Must include: Title Page. Abstract. Key Words. Introduction. Case

Summary, Discussion, and References. May also include: Tables. Fig-

ures (if so. must include Figure Legends), and Acknowledgments.

Point-of-Vievv: A paper expressing personal but substantiated opinions

on a pertinent topic. Must include: Title Page. Text, and References. May

also include: Tables and Figures (if so. must include Figure Legends).

Drug Capsule: A miniature review paper about a drug or class of drugs.

Drug Capsules address pharmacology, pharmacokinetics, and/or phar-

macotherapy.

Graphics Corner: A brief, instructive case report discussing and illus-

trating waveforms for monitoring or diagnosis. Must include: Ques-

tions. Answers, and Discussion.

PFT Corner: A brief, instructive case report arising from pulmonary

function testing, accompanied by a review of the relevant physiolo-

gy and appropriate references to the literature. Must include: Ques-

tions. Answers, and Discussion.

Test Your Radiologic Skill: A brief, instructive case report pertinent

to respiratory care and involving imaging, including one or more radio-

graphs or other images submitted as black and white glossy photographs

that clearly illustrate the teaching points being made. Must include:

Questions. Answers, and Discussion.

Preparing the Manuscript

Double-space the text and number the pages. Do not include author

names, author institutional affiliations, or allusions to institutional affil-

iations anywhere except on the title page. On the Abstract page include

the title but do not include author names. Begin each of the follow-

ing on a new page: Title Page. Abstract. Text. Acknowledgments, Ref-

erences, each Table, each Figure, and each Appendix. Use standard

English in the first person and active voice. Type all headings in ini-

tial-capital letters (eg. Introduction, Methods. Patients. Equipment.

Statistical Analysis, Results. Discussion). Center the mam section head-

ings and place second-level headings on the left margin.

Abstract. Please ensure that the abstract does not contain an) facts

or conclusions that do not also appear in the bod\ text I imit the abstract

tii no more than 250 words.

Key Words. Include a list oi 6 to 10 ke\ words or key phrases in

Research Articles. Reviews, < )verviews, Special Articles, ami Case

Reports. Key words are best selected from the Medical Subject Head-

ings (MeSH) used by MEDLINE and available at http://www.nlm.nih.

eov/mesh/meshhome.html.

RESPIRATORY CARE Manuscript Preparation Guide. Revised 4/01



Manuscript Preparation Gum

References, \ssign reference numbers in the order that articles are

cited in your manuscript. At the end of the manuscript, list the eited

works in numerical order. Abbre\ iatejournal names as in Index Medi

his. List all authors. Ifthe research has not yet been accepted lor pub-

lication, cite the research as a personal communication ley.

Smith KR. personal communication, 2001 1: however, you must obtain

written permissionfrom the author to cite his or her unpublished data.

Do not number such references; instead, make parenthetical reference

in the body text of your manuscript. Example: "Recently. Jones el al

found (his treatment effective in 45 of 83 patients (Jones HI. personal

communication. 2000)."

Corporate author book:

American Medical Association Department of Drugs. AMA
drug evaluations, 3rd ed. Littleton CO: Publishing Sciences

Group: 1977.

Chapter in book with ediloris):

KonoS. Upper airway muscle function during sleep In: Lough-

hn GM, Carroll JL. Marcus CL. editors. Sleep and breathing in

children: a developmental approach. ( Lung Biology in I Icalth and

Disease. Vol 147. Claude Lenfant. Executive Editor. I New
York/Basel: Marcel Dekker: 2000:261-291.

The following examples show RESPIRATORY CARE'S style

for references.

Paper accepted but not yet published:

Hess D. New therapies for asthma. RespirCare (year, in press :.

Article in ajournal carrying pagination throughout the volume:

Legere BM. Kavuru MS. Pulmonary function in obesity.

Respir Care 20OO;45( 8 1:967-968.

Article in a publication that numbers each issue beginning with Page 1

:

Kallstrom TJ. Focus on asthma—disease management: a role for

the respiratory therapist. AARCTimes 1999;23(Oct):16, 17. 19.

Corporate author journal article:

American Association for Respiratory Care. Clinical Practice

Guideline. Removal of the endotracheal tube. Respir Care

1999:44(1 ):S5-9().

Article in journal supplement: (Journals differ in numbering and iden-

tifying supplements. Supply information sufficient to allow retrieval.)

Barnes PJ. Endogenous inhibitory mechanisms in asthma. Am
J Respir Crit Care Med 2000; 161(3 Pt 2):S1 76-S I S 1

.

Abstract in journal: (Abstracts citations are to be avoided, and those

more than 3 years old should not be cited.

)

Volsko TA. De Fiore J. Chatburn RL. Acapella vs flutter: per-

formance comparison (abstract). RespirCare 2000;45(8):991.

World Wide Web

American Lung Association. Trends in pneumonia, influenza, and

acute respiratory conditions mortality and morbidity. February, 2000.

http://www.lungusa.org/data. Accessed November 20. 2000.

Tables. Tables should be consecutively numbered. At the bottom

of the table define and/or explain all abbreviations and sy mbols used

in the table. For footnotes use the follow ing s\ mbols. superscripted,

in the table body, in the following order: *. t. %, §. ||, <j|. **, ft. If

data include a "±" value, please indicate whether the \ alue is a stan-

dard deviation or standard error of the mean.

Figures (illustrations). Figures include graphs, line draw ings. pho-

tographs, and radiographs. All figures should be sharp black-and-

white images and be camera-ready. Glossy prints are preferred, but

a good laser print will do. Use only illustrations that clarify and aug-

ment the text. Radiographs should clearly illustrate the point being

made and should be submitted as black-and-w hite glossv photographs.

If color is essential to the figure, consult the Editorial Office for

more information. In reports of animal experiments, use schemat-

ic drawings, not photographs. A letter of consent must accompa-

ny any photograph of an identifiable person. Number figures con-

secutively as Figure 1 . Figure 2. etc. All the figures must be mentioned

in the text. Every figure must have a legend (a title and/or descrip-

tion explaining the figure). Figure legends should appeal as sep-

arate paragraphs at the end of the manuscript ( after the References

section), in the same computer file as the manuscript (not in a sep-

arate file, as with the tables and figures i.

Editorial in a journal:

Giordano SP. What's that sound? (editorial) Respir Care

2000:451 10): 1167- 1 168.

Editorial with no author given;

The perils ol paediatric research (editorial).. Lancet

I999;353(9154):685

Letter in journal.

Piper SD. Testing conditions for nebulizers i letter). RespirCare

2000;45(8):971.

Do not create scanned versions oi figures borrowed from other pub-

lications: clear photocopies are preferable. To include figures pre-

\ iously published in other publications you must obtain permission

from the original copyright holder Figures must be ol professional

quality and a copy of the article from w Inch the figure came should

be available.

Drugs. Precisely identify all drugs and chemicals used, giv ing gener-

ic (nonproprietary I names, doses, and methods of administration.

Brand or trade names may be given in parentheses afte] generic

names.

Book: (For any book, specific pages should be cited whenever ref-

erence is made to specific statements or other content.)

Cairo JM, Pilbeam SP. Mosby's respiratory care equipment, 6th

ed. Si Louis: Mosby; 1999:76-85.

Commercial Products. Ill the text, parenthetically identify com-

mercial products only on first mention, giving the manufacturer's

name and location. Example: "We performed spirometry ( I0S5 Sys

tern. Medical Graphics, Minneapolis. Minnesota)." Provide model

RESPIR A lorn C'VRt Manuscript Preparation Guide. Revised 4/01



M \\( SCRUM Preparation Guide;

numbers if available, and manufacturer's suggested price it the study

has cost implications.

Permissions: You must obtain written permission to use pictures

of identifiable indiv iduals or to name indi\ iduals in the Acknowl-

edgments section. You must obtain written permission from the

original copyright holder to use figures or tables from other pub-

lications. Copies of all applicable permissions must be on file at

Ri simratory Care before a manuscript goes to press. Copyright

is most often held by the journal or book in which the figure or table

originally appeared and applies to the creativity, style, and form

in w hich the facts/data are presented to the reader; the facts them-

seh es are not copy right-protectable. Therefore, permission is required

to reproduce a table or figure directly, or with minor adaptations.

from a journal or book, but permission is not required if data are

extracted and presented in a new format. In that case, cite the source

of the data as in the following example: "Adapted from Reference

23."

Ethics. When reporting experiments on human subjects, indicate that

procedures were conducted in accordance with the ethical standards

of the U < )Hd Medit til A s si »c iation Declaration ofHelsinki (sec Respir

Care l997;42(6):635-636; also available at http://www.wma.net/e/

17-c_eparagraphnumbering.html) or of the institution's committee

on human experimentation. State that informed consent was

obtained. Do not use patients' names, initials, or hospital numbers in

text or illustrations. When reporting experiments on animals, indicate

that the institution's policy . a national guideline, or a law on the care

and use of laboratory animals was followed.

Statistics. Identify the statistical tests used in analyzing the data and

give the prospectively determined lev el of significance in the Meth-

ods section. Report p values in the Results section. Cite only textbook

and published article references to support choices of tests. Paren-

thetically identify any computer programs used. If data include a "±"

\ alue. please indicate whether the value is a standard deviation or stan-

dard error of the mean.

Units of Measurement Express all measurements in SI {Systeme Inter-

nationale) units (units and conversion factors listed at Respir Care

1997;42(6):640 and also available at http://www.rcJ0Urnal.com/

author_guide/. Show gas pressures (including blood gas tensions) in

millimeters of mercury (mm Hg).

Conflict of Interest. On the cover page, authors must disclose any

liaison or financial arrangement they have with a manufacturer or

distributor whose product is addressed in the manuscript or w ith the

manufacturer or distributor of a competing product. Such arrange-

ments do not disqualify a paper from consideration and are not dis-

closed to reviewers. Reviewers are screened for possible conflict of

interest

Abbreviations and Symbols. Use the standard abbreviations and

symbols listed ai Respir Care l997;42(6):637-642 (also available

at http://www.rcjou77ial.com/author_guide/). Do not create new

abbreviations. Do not use abbreviations in the title or section head-

ings and do not use unusual abbreviations in the abstract. Use an

abbreviation only if the term occurs 4 or more tunes in the papei

Parenthetically define all abbreviations: write out the full term on

first mention, followed by the abbreviation in parentheses

Example: chronic obstructive pulmonary disease (COPD) There-

after use only the abbreviation. Standard units of measurement and

scientific terms can he ahhrev iated without explanation (eg. L/min.

mm Hg, pH, 2 ).

Please use the following forms: cm lUO (not cmH20), f (not bpm).

I. mot I). L/min (not LPM. l/min. or lpm). mL(not ml), mm Hg (not

mniHg). pH (not Ph or PH). p >().(X)I (not p>0.001 ). s (not sec). Sprj2

(arterial oxygen saturation measured via pulse-oximetry).

Prior and Duplicate Publication. In general, do not submit w oik that

has been published or accepted elsewhere, though in special

instances the Editor may consider such material if the original pub-

lisher grants permission. Please consult the Editor before submitting

such work.

Authorship. All persons listed as authors must have participated in

the reported work and in the shaping of the manuscript, all must have

proofread the submitted manuscript, and all should be able to pub-

licly discuss and defend the paper's content. A paper of corporate author-

ship must specify the key persons responsible for the article. Attri-

bution of authorship is not based solely on solicitation of funding,

collection or analysis of data. pro\ ision of advice, or similar services.

Persons who provide such ancillary services may be recognized in an

Acknowledgments section, but written permission is required from

the persons acknowledged.

Reviewers: Please supply the names, credentials, affiliations, address-

es, and phone/fax numbers of 3 professionals w horn you consider expert

on the topic of your paper. Your manuscript may be sent to one or

more of them for blind peer review.

Submitting the Manuscript

Submit 3 printed copies and one (3.5-inch) computer diskette. The

printed copies should each include photocopies of all of the Figures.

Tables, and Appendixes. On the diskette, the manuscript should be

in one file and the tables in a separate file. If soft copies o\ the fig-

ures are available, they should also be in a separate file. However, do

notcreate scannedversions cffigures borrowedfivm otherpublications

i learphotot opies are preferable. Include the completed Cover fet-

ter and Checklist (see next page) and permission letters. Mail to RES-

PIRATORY CARE. 600 Ninth Avenue. Suite 702. Seattle WA 98104.

Do not fax manuscripts. Receipt will be acknowledged.

Respiratory Care
Editorial Office:

600 Ninth Avenue. Suite 702

Seattle WA lzS 1 04

(206) 223-0558 (voice)

(206) 223 0563 (fax)

rcjournaK'7 aarc.org
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Mailing Address:
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Respiratory Care • Open Forum 2003

49th International Respiratory congress • Las Vegas, Nevada U.S.A.

The American Association for Respirator) Care and its sci-

ence journal, RESPIRATORY CARE, invite submission of brief ab-

stracts related to any aspect of cardiorespiratory care. The ab-

stracts will be reviewed, and selected authors will be invited to

present posters at the Open Forim during the AARC
International Respiratory Congress in Las Vegas. Nevada,

December 8-11, 2003. Accepted abstracts will be published in

the November 2003 issue of RESPIRATORY CARE. Membership

in the AARC is not required for participation. All accepted ab-

stracts are automatically considered for ARCF research grants.

SPECIFICATIONS—READ CAREFULLY!

An abstract may report (1) an original study, (2) the evalua-

tion of a method, device or protocol, or (3) a case or case se-

ries. Topics may be aspects of adult acute care, continuing

care/rehabilitation, perinatology/pediatrics, cardiopulmonary

technology, or health care delivery. The abstract may have been

presented previously at a local or regional—but not national

—

meeting and should not have been published previously in a na-

tional journal. The abstract will be the only evidence by which

the reviewers can decide whether the author should be invited to

present a poster at the OPEN FORL'M. Therefore, the abstract must

provide all important data, findings, and conclusions. Give spe-

cific information. Do not write such general statements as

"Results will be presented" or "Significance will be discussed."

ESSENTIAL CONTENT ELEMENTS

Original study. Abstract must include ( 1 ) Background: state-

ment of research problem, question, or hypothesis: (2) Method:

description of research design and conduct in sufficient detail to

permit judgment of validity: (3) Results: statement of research

findings with quantitative data and statistical analysis: (4)

Conclusions: interpretation of the meaning of the results.

Method, device, or protocal valuation. Abstract must in-

clude ( I ) Background: identification of the method, device, or

protocol and its intended function; (2) Method: description of the

evaluation in sufficient detail to permit judgment of its objectivi-

ty and validity: (3) Results: findings of the evaluation; (4)

Experience: summary of the author's practical experience or a

lack of experience; (5i Conclusions: interpretation of the evalua-

tion and experience. Cost comparisons should be included where

possible and appropriate.

Case report. Abstract must report a case that is uncommon or

of exceptional educational value and must include I 1 )

Introduction: relevant basic information important to under-

standing the case. (2) Case Summary: patient data and response,

details of interventions. (3) Discussion: content should reflect re-

sults of literature review. The author(s) should have been actively

involved in the case and a case-managing physician must he a co-

author or must approve the report.

submit your Open Forum abstract electronically

, visitwww.rcjournal.com .

FORMAT AND TYPING INSTRUCTIONS

Accepted abstracts will he photographed and reduced by 40<7r;

therefore, the size of the original text should be at least 10 points. A

font like Helvetica or Times makes the clearest reproduction. The

first line of the abstract should he the title in all capital letters. Title

should explain content. Follow title with names of all authors (in-

cluding credentials), institution(s). and location: underline presen-

ter's name. Type or electronically print the abstract single spaced in

one paragraph on a clean sheet of paper, using margins set so that

the abstract will fit into a bos no bigger than 7.X" (20 cm) by 5.4"

(13.6 cm), as shown on the reverse of this page. Margins set at 1
.5"

all around will tit. Insert only one letter space between sentences.

Data may be submitted in table form, and simple figures max be in-

cludedprovided theyfit within the space allotted. No figure, illustra-

tion, or table is to be attached to the abstract form. Provide all author

information requested. Standard abbreviations may be employed

without explanation; new or infrequently used abbreviations should

be spelled out on first use. Any recurring phrase or expression may

be abbreviated, if it is first explained. Check the abstract for (1 ) er-

rors in spelling, grammar, facts, and figures; (2) clarity of language;

and (3) conformance to these specifications. An abstract not pre-

pared as requested may not be reviewed. Questions about abstract

preparation may be telephoned to Linda Barcus at (972) 406-4667.

ELECTRONIC SUBMISSION

We encourage electronic submission. Send all submissions to bar-

cus@aarc.org. They will be acknowledged immediately via return e-

mail. Mailed confirmation copies are not necessary, except that we

ask you to fax a hard copy of your abstract so we can check it for ac-

curacy against the electronic version. The fax number is 972-484-

6010 (marked to the attention of Linda Barcus). Paper size should be

8.5" x ll"(approx21 x 28 cm), with all 4 margins set to 1.5" (approx

4 cm). Figures & Tables. Save the text portion of your abstract in a

Microsoft Word compatible file format. Excel is preferred for any ac-

companying graphics. If you do not have an Excel compatible format,

save your graphics as TIFF or EPS files. Simply renaming a file with

a .tit" or .eps suffix will not work. Do not send Lotus files. Please send

the figure as an attachment separate from the text. We can reduce it to

the correct size, but unless you send the figure by itself, all we will

have is an image that cannot be reproduced The fax copy you send

will show us the exact placement and size of the figure. Remember

that all figures and tables w ill be greatly reduced in size, so keep them

simple enough to be readable.

Deadline. The mandatory Deadline is July 21. 2003 (post-

mark). Authors will be notified of acceptance or rejection by letter

only. These letters will he mailed by August 30. 2003.

Mailing Instructions.! Llness Electronically Submitted)

Mail (Do not fax!) 2 clear copies of the completed abstract form,

diskette (if possible), and a stamped, self addressed postcard (for

notice of receipt) to:

2003 RESPIRATORY CARE OPEN FORI \l

11030 Abies Lane

Dallas TX 75229-4593



Respiratory Care Open Forum 2003 Abstract Form

Set margin to 1 .

5

top, left, right,

bottom.

Set paper size to

8 1/8" x 11"

1. Title must be in all

uppercase (capital)

letters, authors' full

names and text in

upper and lower case.

2. Follow title with all

authors' names

including credentials

( underline presenter's

name ), institution, and

location.

3. Do not justify (ie.

leave a 'ragged' right

margin).

4. Do not use type size

less than 10 points.

5. All text and the table.

or figure, must fit into

the rectangle shown.

(Use only 1 clear, con-

cise table or figure.)

6. Submit 2 clean copies

if not electronic

Mail original & 1

photocopy (along with

postage-paid postcard) to

2003 Respiratory
Care Open Forum
1 1030 Abies Lane

Dallas TX 75229-4593

ore-mail it to

barcus@aarc.org

Deadline is

July 21. 2003
(postmark)

Electronic

Submission Is Now

Available. Visit

www.rcjournal.com

to find out more
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DISCLAIMER. The opinions expressed in an) article ot editorial are those
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cling the corresponding advertiser's num-
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sent directly to you from the ni.inut.k luii'i

Incomplete forms will not be processed.
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All for

ONE
And One

for All.

••••••

Puritan Bennett Expands
Your 840 Ventilator With the NeoMode Option.

The NeoMode" Option transforms the Puritan Bennett 840" Ventilator into a highly effective neonatal

ventilator system truly in tune with neonatal physiology. Now the world's best selling ventilator

accommodates your tiniest patients, including micro-preemies. With the 840 Ventilator and NeoMode

Option, the ventilator company you've trusted for decades brings you advanced ventilation for one

and all. Contact your Puritan Bennett representative or call us at 1-800-635-5267.

' Ventilates neonatal patients to 0.5 kg

1 Smart alarms for enhanced patient safety

Compliance-compensated volume delivery

Precision without a proximal flow sensor

tifca PURITAN BENNETT
Healthcare

Circle 122 on product information card
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Now you need it. Now you don't.

Introducing

theACE Aerosol Cloud Enhancer

with exclusive, detachable mask.
Universal MDI port

Dual valve for enhanced

coordination

Clear construction to let you visually

confirm availability of prescribed dose

Coaching whistle to help

patients maintain correct

inspiratory Qowrate

Silicone mask with soft,

rolled edges for a comfortable,

snug'fit. |0ll"i, air flow

The universal ACE spacer

now gives you the option of a

detachable mask tor even greater

versatility in MDI delivery!

ACE eliminates the need to stock multiple MDI spacers. In addition

to using ACE to deliver aerosolized medications through a mask, you can

also use it in a vent circuit, in conjunction with an endotracheal airwav.

connected to a resuscitation bag, and with a mouthpiece for routine, oral

therapy. No other spacer lets you deliver relief in more applications!

The ACE detachable mask is available in three sizes (sold separately)

and is easy tor patients to remove and clean. For more information on

the ACE Aerosol Cloud Enhancer with detachable mask, or

tor a fur catalog of DHD quality respiratory products, call

toll-free todav at 1- 800- 847- 8000.

©DHD
Healthcare
Innovations for respiratory can

DHD Healthcare Corporation

ionStrwOtom]

( ustomei Servici I \\ 11 J6 I 5694 wwh dhd
ZENITH.M-m.
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